Asymmetric catalysis using novel platinum complexes by Clarke, Matthew Lee
        
University of Bath
PHD








Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?
Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.
Download date: 23. May. 2019
Asymmetric Catalysis using Novel 
Platinum Complexes
A doctoral Thesis 
Submitted in partial fulfilment for the award of 
Doctor of Philosophy  
of the University of Bath 
September 1999
Attention is drawn to the fact that copywright of this thesis rests with its author. This copy 
of the thesis has been supplied on condition that anyone who consults it is understood to 
recognise that its copywright rests with its author and that no quotation from the thesis and 
no information derived from it may be published without the prior written consent of the 
author
This thesis may be made available for consultation within the university library and may be 
photocopied or lent to other libraries for the purposes of consultation.




INFORMATION TO ALL USERS  
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
Dissertation Publishing
UMI U601541
Published by ProQuest LLC 2013. Copyright in the Dissertation held by the Author.
Microform Edition ©  ProQuest LLC.
All rights reserved. This work is protected against 
unauthorized copying under Title 17, United States Code.
ProQuest LLC 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
mWEHSUY  OF BATH
UBRARY
so - 7 FEB 2000
-P+dJs*
Abstract
This thesis discusses, as the title suggests, the synthesis and characterisation of new 
platinum complexes, and their evaluation as catalysts for several organic processes.
The first chapter acts as an introduction by describing some existing reactions that 
are catalysed by platinum complexes.
The second chapter concerns itself with the co-ordination chemistry of the 
enantiomerically pure, P,N bidentate ligand which was used throughout my studies. 
The preparation of novel cationic platinum complexes that behave as Lewis acids is 
also described, as is there application as efficient catalysts for three different 
carbon-carbon bond forming reactions.
The development of a highly enantioselective platinum catalysed allylic alkylation 
reaction is described in some detail in chapter three. The studies have revealed 
interesting differences between platinum and palladium catalysts, which give 
information on the different characteristics of the two metals in general.
In chapter four, the regioselectivity of nucleophilic attack in platinum catalysed 
allylic alkylation is fully addressed. These studies revealed an unexpected, and 
intriguing ligand effect that operates with both palladium and platinum catalysts. 
This ligand effect was studied with respect to both its origin and its synthetic utility.
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Chapter 1
Homogeneous Catalysis using Platinum
Complexes.
i
The thesis you are about to read has a theme running throughout it: New platinum 
complexes have been prepared, and shown to catalyse a variety of organic 
reactions. As an introduction to this, it seems logical to discuss the organic 
chemistry that can be mediated by platinum complexes. Due to the limitations of 
space, this discussion will focus on homogeneous catalysis and in particular, 
highlight examples where the use of platinum enables a process that is not possible 
with other metal catalysts.
However, first of all it is important to mention the contribution that the study of 
platinum complexes has made in elucidating the mechanism of several transition 
metal catalysed reactions. Platinum complexes have two key advantages as tools to 
understanding mechanisms: 195Pt is an NMR active isotope, and consequently 
NMR is a particularly useful tool for characterisation. Pt-L coupling constants give 
information on the nature of the bonding in a given complex. Secondly, many 
compounds which are transient intermediates for other metals can often be isolated 
and fully characterised for similar platinum complexes. The organic chemistry of 
platinum goes right back to 1830 when the first organometallic compound, “Zeise’s 
salt”, K[Pt(C2H4)Cl3] . H20  was prepared.1 Since that time the reactivity of a large 
number of platinum-olefin complexes has been outlined, and these studies can be 
regarded as the direct ancestors of the many transition metal catalysed processes 
that involve metal-olefin complexes. More recently, platinum complexes that 
resemble possible intermediates in a catalytic cycle have been used to help deduce 
the mechanism of a number of important reactions (particularly nickel and 
palladium catalysed prpce^s^).
2
It is worth noting at this stage some general properties of platinum complexes, and 
in particular, how platinum compares to palladium, which is probably the most 
commonly employed metal in organic synthesis. Platinum has three main oxidation 
states, 0, II, and IV, and it is straightforward to go between them by oxidative 
addition and reductive elimination processes. Platinum is classified as one of the 
softest metals, and resultantly forms stronger bonds with soft ligands. The 
zerovalent platinum complexes are frequently more stable (to air, water and 
electrophiles) than related palladium complexes and often require more forcing 
conditions for oxidative addition of an organic substrate to occur. For instance, aryl 
bromides and iodides readily oxidatively add to palladium complexes at 65 °C and 
below, whereas otherwise identical platinum complexes only undergo the reactions 
at about 100 °C.
Both P t0 and P t11 alkene and alkyne complexes are thought to be somewhat more 
stable than their palladium analogues. Backbonding from platinum to the 
unsaturated compound is thought to be more significant for platinum complexes. 
Palladium activates alkenes more strongly to nucleophilic attack.
Platinum(IV) complexes have been reported more often in the literature than 
palladium(IV) complexes, and the redox cycle Ptn- PtIV- Ptn has been more fully 
documented.
Platinum a-alkyl and a-aryl complexes are more stable (to decomposition) than 
those of palladium (which are much more stable than nickel complexes). The 
decomposition pathway for bis-alkyl and aryl complexes is generally reductive
3
elimination with coupling of the two organic ligands. This is the basis of nickel and 
palladium catalysed cross coupling reactions. The related organoplatinum 
complexes, however, are stable up to quite high temperatures.
Divalent platinum binds strongly to nitriles, imines, and sulphur containing 
compounds. These compounds donate electrons to the platinum centre, which 
suggests that platinum complexes may be of use as Lewis acid catalysts. Whereas 
platinum has amongst the strongest affinity for sulphur ligands (soft metal- soft 
ligand), oxygen ligands generally form fairly labile complexes (more labile than 
palladium or nickel). The remainder of this chapter discusses how some of the 
properties of platinum complexes have been applied to homogeneous catalysis.
1: Hydrosilylation
Platinum complexes are excellent homogeneous catalysts for hydrosilylation of 
olefins, dienes, and alkynes and are used in commercial processes. Many of the 
early studies focused on the use of H2PtCl6 as catalyst.2 The reactivity and 
selectivity of the process is highly dependent on the olefin and silane used, and in 
some instances the catalysis is probably heterogeneous. In some cases 
isomerisation occurs during catalysis. For example, internal olefins can give 
primary silane products (Fig.1.1).2
cat. H2PtCI6
CI2CH3SiH + CH3CH=CH2CH3 ---------------------> CH3(CH3)CH2Si(CH3)CI2
Fig. 1.1
In the case of terminal alkenes which do not tend to isomerise, the silicon atom 
generally adds to the least substituted carbon atom of the double bond, and the Pt 
catalysts are therefore not especially suitable as asymmetric catalysts.3
4
A more active catalyst than H2PtCl6 alone is known as the Karstedt catalyst.4 This 
catalyst is the product of reaction of H2PtCl6 and (CH2=CHSiMe2)20.
It as thought that the zerovalent platinum complex [Pt2(CH2=CHSiMe2)20 )3] is the 
actual catalyst. Stone and co-workers prepared complex (1), a catalyst for 
hydrosilylation that gives products with less isomerisation and can be used at room 
temperature.5
This complex is also used in hydrosilylation of alkynes and catalyses the reaction 
without heating after briefly warming the reactants. Previous catalysts required 
temperatures up to 150 °C to yield the desired product.6 Recently, Steffanut, 
Osborn, DeCian and Fischer have rationally designed even more active catalysts,
n
(2), by adding electron poor olefins to the Karstedt catalyst.
Platinum also catalyses the related process hydrogermination of alkenes (addition 
of R3Ge-H to a C=C bond).8
2: Hydroformylation
In terms of activity, platinum complexes also make very good hydroformylation 
catalysts.9,10 The complexes of choice are generally a mixture of a bis-phosphine 
dichloride complex, (R3P)2PtCl2 and SnCl2 co-catalyst. The reaction conditions 
have to be carefully controlled as hydroformylation can be accompanied by
(CyhPv H ,SiR3
Pt Pt 





isomerisation and hydrogenation. The regioselectivity is generally in favour of 
linear products, and they are therefore not always the catalysts of choice for 
asymmetric hydroformylation. (DIOP)PtCl2 / SnCl2 systems generally give 
moderate (10-50%) e.e.. It has been found that if the diphenylphosphino groups of 
DIOP (3) are exchanged for a dibenzophosphole (BDP) group as in ligand (4), the 
regioselectivity is reversed and predominantly branched, chiral products are formed 
(Fig. 1.4). Ligand (5), which is also modified by dibenzophosphole groups, gives 
better selectivity than its diphenylphosphino- analogue.9,10,11
(3) (4) (5)
Fig. 1.3
PtCI(SnCI3)L (0.05-0.1 mol%) CHO
Ph
H2 / CO (1:1, 45-90 atm)
Ph
(6 )
conv. 90-100% (7) (8) (9)
using DIOP, (3) as ligand: (7): (8): (9) = 21 : 69 : 10 




The same types of platinum complexes that catalyse hydroformylation make good 
hydrogenation catalysts. Probably the most synthetically useful study showed that
polyunsaturated esters (such as those in soya bean oil) could be selectively
1 ^hydrogenated to monounsaturated esters. The degree of hydrogenation and 
isomerisation was dependent on the olefin starting material
4: Carbonylation and related processes
A mix of H2PtCl6 and SnCl2 catalyses carbonylation of terminal alkenes to afford 
predominantly linear methyl esters (if MeOH is present) or acids (if H20  is present) 
with good yields and under relatively mild conditions (Fig. 1.5).14
“Pt catalyst”
RCH=CH2 + CO + CH3OH -------------------> RCH2CH2CO2CH3 (major product)
Fig. 1.5
A related reaction reported very recently is the [4+1] cycloaddition of vinyl allenes
with carbon monoxide which is catalysed efficiently by Pt(COD)2 (Fig. 1.6). A











Another reaction which takes place under carbon monoxide pressure is the 
reduction of nitroarenes to aminoarenes.16 This reaction is both high yielding and 
chemoselective.
5: Aldol reactions
Platinum complexes such as (12) can be activated with triflic acid to generate
Air, water and a proton scavenger must be present during the catalyst activation 
stage in order to give an enantioselective catalyst (products which were racemic in 
the absence of the above additives had 95 % e.e. under optimised conditions). The 
reaction, which is rather slow, is thought to proceed through the enolate complex 
such as (13).
catalysts for the aldol reaction of ketene silyl acetals with aldehydes (Fig. 1.8).17
(12) (13)
Fig. 1.7
5 mol% cpd. (12) 
5mol% HOTf
PhCH2CH2
PhCH2CH2CHO OSiMe 5 mol% Lutidine 10 mol% H20
-25 °C, 168 hrs
OR
(16)(14) (15)




Togni and co-workers have prepared complex (17) and shown it to be a good
18catalyst for the aldol reaction of isocyanoacetates (Fig. 1.9).
\  CO2M© _ CO2M©
= = / - P ( P h ) 2 RCHO + 1.5 mol% (17) Hy J
€ > r 0Tf CNCH2C° 2Me 12 mol% 'Pr2EtN *" °^N
\ " P(Ph)2 DCM, 20 °C (18) (19)
> 90% yield
(17) e.e. up to 65%
(18)/(19) = 70/30
Fig. 1.9
Gold complexes of ferrocenyl phosphines that contain an internal base make far 
superior catalysts however, and constitute one of the most ingenious catalytic 
processes designed to date.19
Another reaction which involves metal enolates is the (Et3P)3Pt catalysed 
deuteration of carbonyl compounds (Fig. 1.10).20




90(Cy3P)2Pt is an efficient catalyst for hydration of nitriles. More recently complex
(20) has been shown to be an especially active catalyst for this type of reaction 
Ph2
.O-P, P(Me)2OH 031 (20)
H Pt RCN---- --------------------------- - RCONH2
0 _ p '  H w nPh« HoO





The hydration of unactivated alkynes is a useful reaction and platinum is one of the 
catalysts of choice (Fig. 1.12). Both Zeise’s dimer, [PtCl2(C2H4 ) ]2  and PtCl2 have 
been found to be more selective than mercury catalysts that were used industrially 
at that time.21
catalyst O D^ . R'
R- —  R' + H20   ► r A ^ R '  + R ¥
Fig. 1.12
PtCl4 and CO has also been found to be a good catalytic system for this reaction.22 
A combination of (dppe)PtCl2 and silver salts catalyses addition of methanol to 
non-activated internal alkynes.23
7: Enyne metathesis
Another way that platinum complexes can elaborate alkynes in organic synthesis 
was reported by Trost and co-workers in 1993. Enynes undergo a metathesis 
reaction to form vinyl substituted cycloalkenes (Fig. 1.13).24 While most of this 
work focused on palladium catalysts, the use of (Ph3P)2Pt(OAc)2 catalyst was at 
least as effective as comparable palladium systems. PtCl2 has also been found to be 
a good catalyst for this reaction.25
10 mol% (Ph3P)3Pt(OAc) 2  H3C02C
Ph
(21)
1.3 equiv. CF3C02H \
2.1 equiv. DMAD 
C6H6, reflux, 4 hrs
Fig. 1.13
10
8: Reactions mediated by insertion into diazo compounds.
It has recently been found that platinum complexes are the best catalysts for the 
insertion of diazo compounds into O-H bonds of alcohols (Fig. 1.14). The reactions 
show high yield, catalytic turnover and chemoselectivity.26
nw 0.75 mol% "Pt"




Platinum complexes also catalyse the cyclopropanation of olefins. This important 
reaction can also be catalysed by a selection of other transition metal complexes.27
9: Ring cleavage reactions
Cyclopropanes themselves undergo platinum catalysed ring opening to give either 
olefins, ketones or ethers.28 Platinum complexes appear to be the best catalysts for 
this reaction, which proceeds through a platinacyclobutane intermediate like 
complex (24). In Fig. 1.15, the result is a stereoselective addition of alcohol across 







up to 95 % yield 
<x/p ratio = 12:1
Fig. 1.15
Fig. 1.16 shows 2-5 mol% of Zeise’s dimer catalysing isomerisation of 
siloxycyclopropanes to allyl silyl ethers. This reaction proceeds readily for a wide
11
range of siloxycyclopropanes and is also assumed to proceed through a 
platinacyclopropane.28(b) Alkoxy or hydroxy cyclopropanes isomerise to a-methyl 
ketones under similar conditions.28(c)
2 -5  mol% [Pt(C2H4)Cl2]2
(CH2)n ---------------------------------
(RsSOO'^y 20oc 1 . 10h
(26)
\ (CH2)n
(R3S i ) 0 ^ ^
(27)
Fig. 1.16
A reaction which is related to the above process is platinum promoted methylation





x O.I p(Ph)3 
\ / 1 P(Ph)3
Fig. 1.17
10: StiUe coupling
In the course of mechanistic studies on the Hiyama reaction (coupling of
organosilanes with organic electrophiles), it has been shown that (Ph3P)4Pt
catalyses the Stille coupling reaction (Fig. 1.18). However, the reaction is slower
compared to related palladium complexes.30
Bu3Sn.  5 mol% (Ph3P)4Pt aiv
Ar-OTf + |) --------------------------------- ► (1
11 K2C 03 11
dioxane, 90 °C, 48 h 37%
Fig. 1.18
12
11: Addition of stannanes and distannation
Platinum catalyses addition of aldehydes or imines with allyl stannanes (Fig. 1.19). 





J j /V v SnBu3 + RlCH0
(28) (29)
10mol%(Ph3P)2PtCl2




up to 99% yield
Fig. 1.19
(Ph3P)2Pt-ethylene catalyses the distannation of (31) to activated terminal alkynes 
to give the l,4-distanna[4]ferrocenophanes (Fig. 1.20).32
1 mol%
< p - S n M e 2 (Ph3P)2P‘-|







/P = \ ^ e2— S n ^ ^ R





(Ph3P)2Pt-ethylene can catalyse the related bis-silylation of unsaturated 
hydrocarbons but is a much less active catalyst than related Pd compounds.33
'Pr25 mol% 
Si('Pr)2 (Ph3P)2Pt-







^ s - S i  R








The addition of Si-B bonds to a multiple bond (silaboration) is of some interest and 
is also catalysed by platinum complexes. (Ph3P)4Pt is a good catalyst for 
silaboration of alkynes (Fig. 1.22) (but somewhat less active than palladium tert- 
alkylisocyanide complexes).34
C 2 mol% (Ph3P)4 Pt R-N/SiPhMe2







Platinum complexes, however, are the best catalysts for silaboration of terminal 
alkenes. This reaction, which is not catalysed by the palladium terr-alkylisocyanide 











Silaboration of 1,3 dienes, (42) proceeds by a 1,4 addition. The alkene, (43) is a 1:1 
mixture of stereoisomers (Fig. 1.24).36
14
)^  (Me)2PhS i-B '
(42) (38>





If this same reaction is carried out in the presence of aldehydes, a change in 
reaction pathway is observed and (45) is formed (Fig. 1.25).
14: Thiosilylation
A different approach for the introduction of two different heteroatoms to an 
unsaturated compound has been reported. A variety of terminal alkynes undergo 
the thiosilylation reaction shown in Fig. 1.26 in the presence of (Ph3P)2Pt-ethylene 
catalyst to form (49). It was proposed that (ArS)2 and (SiCl3)2 undergo a Pt 
catalysed disproportionation to form ArS-SiCl3 prior to the platinum catalysed 











(ArS)2 + (SiCI3)2 + ----------




R EtOH, Et3N 0-25 °C R
) = \ ) = \
ArS SiCI3 ArS Si(OEt)3 
(50)




The diboration of unsaturated hydrocarbons has recently received much interest. 
Platinum complexes are the catalysts of choice for this reaction. (Ph3P)4Pt or 
(Ph3P)2Pt-ethylene are good catalysts for addition of B-B bonds to alkynes and 1,3
IQ
dienes. The likely mechanism is shown in Fig. 1.27.
For the related addition to olefins, these complexes are not successful. Having 
found evidence that the phosphine ligand and the unsaturated substrate compete for 
a co-ordination site,39 phosphine free catalysts such as (COD)2Pt and Ptdba2 were 
investigated. Three mol% of these compounds allows excellent yields of diboration 















(Ph)3Ps  / BCat






Fig. 1.27 Proposed catalytic cycle for platinum catalysed diboration of alkynes
C4
B -B
20 °C, 30 min
(52) (51)
Fig. 1.28 Platinum catalysed diboration of olefins
An asymmetric diboration of alkenes using enantiopure diboranes derived from 
enantiopure diols has been developed and gives moderate d.e. 41
17
Diboration of allenes such as substrate (54) is also possible using either (Ph3P)4Pt or 
Pt(dba)2 / phosphine (1:1). Interestingly, the use of tricyclohexylphosphine gave a 
much more active catalytic system and altered the regioselectivity (Fig. 1.29).42
H2 C=-=<^ ^  CatB-BCat
CatB BCat CatB BCat
(54) (51)
(55) (56)
Pt(dba)2 /PCy3l 50 °C 
84% yield, (55) / (56) = 85:15
(Ph3P)4P t/8 0  °C,
96 % yield, (55) / (56) = 50/50
Fig. 1.29
16: Hydrophosphination
Platinum complexes are the most well studied catalysts for addition of P-H bonds to
unsaturated substrates. K2PtCl4 catalyses addition of phosphine gas to 
formaldehyde to give the alkyl phosphine, P(CH2OH)3.43
Another example is 0.2 mol% of [(Et02CCH2CH2)3P]3Pt catalysing formation of 
(Et02CCH2CH2)3P, (57) from phosphine gas and ethylacrylate (Fig. 1.30).44
cat. Pt(norbornene) 3  
cat. P(CH2 CH2 C 0 2 Et) 3
C 02Et
P(CH2 CH2 C 0 2 Et) 3
acetone, 55 °C (57)
> 90%
Fig. 1.30
Platinum complexes of type (58) catalyse Baeyer-Villiger oxidation using dilute 
hydrogen peroxide as oxidant.45 The catalysts only deliver moderate conversions 
and are deactivated as conversion increases.
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When complex (59) is used as catalyst, moderate e.e. and conversion in the 
oxidation of ketone (60) can be obtained (Fig. 1.32). It is necessary to activate the 
catalyst with HC104 prior to reaction.46
n
















no solvent, 25 C
(61)
37 %e.e. at 30 % conversion
Fig. 1.32
Platinum diphosphine complexes containing a trifluoromethyl ligand like complex 
(58) are also able to catalyse the epoxidation of terminal alkenes with hydrogen 
peroxide.47 The platinum complex performs a bifunctional role in aiding the 
formation of the hydroperoxide anion and by acting as a binding site for the alkene, 
rendering it more prone to nucleophilic attack.
This process was made enantioselective by using complex (62) derived from the 
chiral diphosphine ligand, chiraphos.48 This catalyst achieved the highest e.e., at 
the time, for a metal catalysed epoxidation of a terminal alkene, (41 %) (Fig. 1.33).
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It is this platinum catalysed reaction which first aroused our interest in platinum 
complexes as asymmetric catalysts, and our initial aim was to find complexes that 
might improve on the result described above.
\ __ /  — 1 + 1 - 2  mol% (62) 0
Ph2  P pPh2  -B F 4
x p /  DCM, 35% aq. H2 0 2
c \  1 0 0  % conversion
3 CH2 CI2  to epoxide




Synthesis and Structure of Enantiomerically 
Pure Platinum Complexes of 




The enantioselective epoxidation of alkenes is an important organic transformation. 
Epoxides are valuable building blocks in the synthesis of many molecules and there 
is a large demand for epoxides to be synthesised as one enantiomer. In fact, there 
have been major advances in this field in the last 20 years. The system developed by 
Sharpless et. a l49 epoxidises allylic alcohols stereoselectively and has been 
converted into an industrial process. The ingredients used for a catalytic Sharpless 
epoxidation are titanium (IV) isopropoxide, diethyl tartrate (or other enantiopure 
tartrate esters) *butyl hydroperoxide and molecular sieves. Molecular sieves are 
crucial if the reaction is to be catalytic. A very thorough account on developing 
optimum reaction conditions has been published.50 One of the simplest, but most 
useful examples is shown in Fig. 2.1. Allyl alcohol can be epoxidised to produce 
either enantiomer of (nearly) optically pure glycidol. Additionally, the glycidol, 
which can be difficult to isolate, can be derivatised in situ, and this has been used in 
the synthesis of several drugs and natural products.50
The manganese (ID) salen complexes developed by Jacobsen and Katsuki have the 
general structure shown overleaf. They are the best transition metal catalysts for 





rK \  / r ° i , 0 A  > - r *
R-, = Ph or -(C4 H8)-
R2  = Me, OSi(iPr)3l OMe 
Catalyst, (63), R-, = Ph, R2  = OSi(iPr) 3
Fig. 2.2
The original procedure used bleach as oxidant and epoxidises a variety of cis 
unfunctionalised alkenes with good to excellent e.e.. The use of m-CPBA / 
N-methylmorpholine-N-oxide as oxidant increases reactivity and allows the 
epoxidation to be carried out at -78 °C. Excellent e.e.’s for cis alkenes can be 
obtained at this temperature, and epoxidation of some styrenes 52 now gives good 
enantiomeric excess. Epoxidation of trans alkenes with good e.e. can be carried out
c "2
with modified chromium salen complexes. However, there are still no effective 
methods for enantioselective epoxidation of terminal alkenes. A method for 
producing enatiomerically pure terminal epoxides by resolution of a racemic 
mixture has recently been described by Jacobsen and co-workers.54






98 % e.e. 
cis/trans = 23
Fig. 2.3
We felt that the platinum catalysed reaction described by Strukul, Michelin and co­
workers represented one of the most interesting attempts at filling this gap in 
methodology.47,48 The proposed mechanism of their process is shown in Fig. 2.4.
23
y</  n -B F ,
Ph2  Ps P Ph2  
F
3  x c ic h 2ci
h2o 2
h 2 o 2















Ph2  Pv P Ph2  
Pt
f3c'
Fig. 2.4 Proposed mechanism for platinum catalysed epoxidation of alkenes
The key to obtaining high enantioselectivity in this process is to design a platinum 
complex which can selectively bind one prochiral face of the terminal alkene. A 
terminal alkene binding to a metal centre in an r\ fashion can position its alkyl or 
aryl chain in one of four quadrants of space. If three out of four of these quadrants 
can be blocked off by other ligands on the metal, then it should be possible to 
develop a highly enantioselective reaction. By making one possible alkene 
environment more favourable than the other three, it is anticipated that the rate of 
nucleophilic attack will be greater for the favoured complex. As there are other 
reactions which involve a nucleophilic attack on an alkene, a metal complex which
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can selectively bind one face of an alkene and activate it to nucleophilic attack 





Fig. 2.5 Ideal co-ordination environment for enantioface binding of a terminal
alkene
In recent years, there have been a number of enantiopure ligands designed which 
can direct their chirality towards the co-ordination sites on the metal. A prominent 
example of such a ligand is the phosphino-oxazoline ligand (64).55 Complexes of 
such a ligand should provide a better defined environment for alkene binding. It 
was therefore our plan to synthesise cationic platinum complexes of type (65), 
shown in Fig. 2.6. In the process of making complexes of the type below, we would 





While a compound with R = CF3 might have the closest resemblance to the 
catalysts described by Strukul and co-workers, the synthesis of the precursor to 
these compounds, fra«s-bis-triphenylphosphine-(chloro)-trifluoromethyl-platinum
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(II), is capricious and low yielding. In addition, we were concerned that the 
strongly bound triphenylphosphine groups might not be easily exchanged for other 
ligands.
We therefore sought to research whether any more readily available platinum 
complexes would catalyse the epoxidation and other metal mediated reactions 
involving alkenes. Finally, it was also realised that complexes of the type in Fig.
2.6 might also be useful for catalysing asymmetric reactions of other substrates by 
acting as a chiral Lewis acid.
2.2 Synthesis and characterisation of new divalent platinum 
complexes of (4S)-2-(2-diphenylphosphinophenyl)- 
4-isopropy 1-1,3-oxazoline.
As our starting point, we chose to prepare complex (66). This simple compound 
could be used to answer a number of questions we asked ourselves; How does 
ligand (1) (from now on abbreviated as (S)-PAN bind to platinum? Can complex
(66) be used as a starting material for other useful complexes? Would it be possible 
to remove a chloride ion from (66) and replace it with an alkene? Does it catalyse 
the epoxidation reaction in its own right?
Our initial attempts to prepare [(<S)-PAN]PtCl2, (66) by ligand exchange from 
czs-bis(triphenylphosphine) platinum(II)dichloride failed entirely under a variety of 
conditions, giving back unreacted starting material. It seems that the 
triphenylphosphine ligand is not sufficiently labile to be replaced by the oxazoline 
ligand despite the process probably being favoured entropically (there are more bits
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at the end). The desired compound, (66) is successfully prepared by refluxing the 
phosphino-oxazoline ligand and K2PtCl4 in acetonitrile.
MeCN, 16 h. 81 °C
(66)
y y  r - r , 0)
N RPh2  P P h ^ y
K2 PtCI4  --------------------------------------► ' X  Pt
81 % yield




Ph3  P \  xP P h 3  
.Pt cr "ci
Fig. 2.7
The crude product from this reaction contains two phosphino-oxazoline complexes. 
195Pt NMR was useful in assigning the identity of these; Compound (66) showed a 
doublet as there is only one phosphorus atom bonded to the metal in r\ bidentate 
fashion, while compound (67) gives a triplet, representative of the two chemically 
identical phosphorus atoms that are bound via an r\l monodentate co-ordination . 
mode. The ligands in compound (67) can be assigned as being cis to each other by 
31P NMR. [The size of the coupling constant between phosphorus and platinum 
depends on the trans influence of the ligand trans to phosphorus. Thus, if a 
phosphorus ligand is bound trans to a ligand of low trans influence such as chloride 
the platinum-phosphorus bond is highly covalent and a large coupling constant 
results].
The coupling constants, 1Jp.Pt=3722 Hz and 3410 Hz for compounds (66) and (67) 
respectively are typical of phosphines bound trans to a chloride.
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Phosphine ligands that are bound trans to a ligand of high trans influence have 
significantly smaller coupling constants. For example, phosphines bound trans to 
each other typically have ^p-pt=1500-2500 Hz. Fortunately, compounds (66) and
(67) are readily separable by flash chromatography. Using the procedure described 
in the experimental, pure [(5)-PAN]PtCl2 can be isolated in 81 % yield.
We attempted to prepare a platinum alkene complex from compound (66). We 
therefore treated it with one equivalent of silver tetrafluoroborate in 
dichloromethane, filtered off the AgCl precipitate, and then added 1-octene. We 
recorded the NMR spectra of the product prior to addition of the alkene, the octene 
itself, and the product formed from mixing alkene and platinum complex together. 
Analysis of the NMR spectra showed no interaction between alkene and platinum.
Fig. 2.8 Attempted preparation of a platinum alkene complex
It was thought that (68) (shown in Fig. 2.9) may provide a similar electronic 
environment as a trifluoromethyl complex. It was therefore prepared by the route 
shown. It is interesting that the trichlorostannyl ligand is selectively positioned 
trans to the nitrogen atom. The chloride trans to phosphorus is expected to be 
kinetically more reactive due to the trans effect.
"X1The complete selectivity of this process can be assigned using P NMR, by 




compound containing the trichlorostannyl ligand should show a phosphorus signal, 
platinum “satellites” due to the 33% abundance of the NMR active 195Pt nuclei, and 
also tin satellites due to the presence of the NMR active 119Sn and 117Sn nuclei.
1 eqv. SnCI2
cr "ci




It has been shown that the magnitude of 2JP.Sn depends strongly on whether the two 
nuclei are cis (150-200 Hz) or trans (2100-2400 Hz). In addition, ^p.pt is smaller 
when the phosphorus atom is trans to SnCl3. Our experimental data (‘Jp.p,=3541 
Hz, 2Jp_Sn= 156 Hz) shows fairly conclusively that the SnCl3 ligand is co-ordinated 
cis to the phosphine.
We initially tried to prepare complex (68) by a phosphine exchange route from 
c/5-bis-(triphenylphosphine)-chloro-(trichlorostannyl)-platinum (II).56 In this case 
we again used 195Pt and 31P NMR to deduce that this exchange reaction had again 
not gone according to plan. The products isolated were probably a mixture of 




Ph3  P\ P P h 3
cr txci
(70)
Ph3 Ps /p Ph2 N^y 
Ptcr 'Cl 
(71)
Fig. 2.10 Triphenylphosphine ligands are not displaced by ligand (64)
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It was hoped that treatment of complex (68) with AgBF4 would release a vacant co­
ordination site, and hence give a Lewis acidic cationic complex. However, this 
reaction always resulted in decomposition. Although it was not possible to prepare 
a cationic complex by the route shown in Fig. 2.11, we felt the platinum-tin 
bimetallic compounds may still have catalytic properties, as it has been shown that 
simply mixing (LL)PtCl2 type compounds with SnCl2 generates complexes which 
interact with alkenes. This combination is the most commonly used 
hydroformylation catalyst.
O 1 equiv. AgBF4
(Ph)2PXpt>  
CI3 Sn" "Cl 
(68)
-BF,
(Ph)2 PX p >  
CI3 S n ' ' s o l v / ^
Fig. 2.11 Complex (68) decomposes in the presence of silver salts
The dimethyl and diphenyl derivatives, (74) and (75) were prepared by ligand 
displacement reactions from readily available (COD)PtR2 (Fig 2.12).57 The 31P 
NMR spectra of these two compounds showed the characteristic small coupling 
constants (%_!*= 1972 and 1849 Hz respectively) associated with strongly bound 
trans alkyl or aryl ligands.58
( COD ) PtR2  s o^w addition of ligand (64)
(72): R=Me,
(73): R=Ph
Toluene, 40 °C, 12h
Pu2  P
(74): R=Me; yield = 98%
(75): R=Ph; yield = 65%
Fig. 2.12
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It was hoped that the selective cleavage of the Pt-C bond trans to phosphorus could 
be achieved. This would enable the vacant co-ordination site to be generated in the 
chiral pocket created by the oxazoline ring. As it turns out, addition of 1.1 
equivalents of HC1 (generated by methanolysis of acetyl chloride) gives single 
isomers of compounds (76) and (77). Phosphorus-platinum coupling constants 
[(76): *J = 4703 Hz; (77): = 4637 Hz] are consistent with the chloride ligand
being trans to phosphorus. This complete selectivity is easily explained as 
phosphines show increased trans effect relative to nitrogen donors (Fig 2.13).
Addition of one equivalent of AgBF4 to compounds (76) and (77) gave the cationic 
compounds (78) and (79) (Fig. 2.14). 31P and *H NMR spectroscopy of complex
(78) showed the DCM ligand to be weakly bound, with the protons deshielded by 
the cationic platinum centre. In the case of complex (79), the complex isolated was 
always impure, and was therefore not fully characterised. However, the 
spectroscopic data obtained confirmed that chloride abstraction had taken place, 
giving a cationic compound which contained weakly bound ligands. It seems most 
likely that compound (79) is a mixture of the desired DCM solvento complex and 
an aquo complex.
CH3 COCI / MeOH
(74): R=Me
(75): R=Ph
(76): R=Me: yield = 70%
(77): R=Ph: yield = 89%
Fig. 2.13
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(78): R=Me: yield = 90%
(79): R=Ph: yield = 90%
Fig. 2.14 Formation of cationic solvento- complexes
As a potential route to organoplatinum complexes similar in structure to complexes 
(76) and (77), we carried out the carbene insertion of ethyl diazoacetate with 
[(iS)-PAN]PtCl2 (Fig. 2.15). It was hoped that this insertion would proceed 
regioselectively to produce complex (80). This reaction with (chiral 
diphosphine)PtCl2 complexes has been investigated by Bergami, Pringle and co- 
workers.59 They found that diastereoselectivity could be obtained in the insertion 
step, and through crystallisation prepared single diastereomers of the insertion 
product. The chiral a-carbon atom is configurationally stable, and diastereomer 
ratios can be measured by 31P NMR spectroscopy.
A solution of [(S)-PAN]PtCl2 in CDC13 was treated with five equivalents of ethyl 
diazoacetate. All of the starting material was converted into a single new product. 
However, 31P NMR spectroscopy showed two signals of roughly equal intensity 0.1 
ppm apart (assigned as a 50:50 mixture of the two diastereomers). Unfortunately, 
the platinum-phosphorus coupling constant ( 1 JP.pt=2230 Hz) is indicative of the 
newly formed Pt-C bond being trans to phosphorus, and hence not suitable for the 
preparation of complexes of type (65). As a result of this, no further 





(80), 0% (81), 50% (82), 50%
Fig. 2.15 Insertion of ethyl diazoacetate into the Pt-Cl bond of complex (66) is 
chemoselective, but gives a diastereomeric mixture of the unwanted isomer 
We have also prepared an impure sample of what is assumed to be 
[(S)-PAN]Pt(C6F5)I, (84) . The problem with this synthesis was the preparation of 
cyclo-octadiene precursor (83) which was obtained in low yield and purity
o
(formation of complex (83) is known to be inefficient). After displacement of the 
labile COD ligand by (64) we obtained a yellow powder which was probably the 
desired compound, (84) (3J = 4205 Hz) with a considerable amount of the diiodo 











Crystal structure of complex (75).
As our aim at this stage of the game was to prepare complexes that would have the 
general shape shown in Fig. 2.5, it was of considerable interest to determine the 
crystal structures of some of the complexes.
Single crystals of [(S>PAN]PtPh2, (75) were obtained from DCM / petroleum ether 
(60/80) after standing at room temperature overnight. An ORTEX 60 view of the 
structure is shown in Fig. 2.17, along with selected bond lengths and angles in 
Table 2.1. The structure shows some deviation from idealised square planar 
geometry. The bite angle of the bidentate ligand, N(l)-Pt(l )-P( 1) is 85 .7°. In the 
crystal structure of [(5)-PAN]PtCl2, ( see Chapter 3) this bite angle is exactly 90°.
) C (31)
0 (1) ■i C(33)
0 (3 )>0 (6)
N (1).
0 (7 ) ,




0 ( 4 )
0 (22) >0(27)
0(1 OV
j  0 (2 6 )





Fig. 2.17 Crystal structure of |(5)-PANlPtPh2
34
Table 2.1. Selected bond lengths [A] and angles [°] for [(1Sr)-PAN]PtPh2, (75).
Pt(l)-C(22) 2.006(13) C(10)-P(l)-Pt(l) 116.5(4)
Pt(l)-C(28) 2.050(12) C(3)-N(l)-C(l) 107.6(12)
Pt(l)-N(l) 2.086(11) C(3)-N(l)-Pt(l) 129.6(10)
Pt(l)-P(l) 2.289(3) C(l)-N(l)-Pt(l) 122.8(8)
P(l)-C(4) 1.813(14) C(3)-0(l)-C(2) 107.0(11)
P(l)-C(16) 1.824(14) N(l)-C(l)-C(34) 112.2(11)
P(l)-C(10) 1.825(11) N(l)-C(l)-C(2) 102.8(12)
N(l)-C(3) 1.30(2) C(34>C(1)-C(2) 114.0(14)
N(l)-C(l) 1.49(2) 0(1)-C(2)-C(1) 104.7(12)
0(1)-C(3) 1.36(2) N(l)-C(3)-0(1) 115.6(13)
0(1)-C(2) 1.45(2) N(l)-C(3)-C(5) 128.3(13)
C(l)-C(34) 1.51(2) 0(1)-C(3)-C(5) 116.1(12)
C(l)-C(2) 1.52(2)
C(3)-C(5) 1.47(2)
This contraction probably opens out the co-ordination sphere to accommodate the 
two phenyl ligands. The angle between the diphenylphosphino moiety and the 
phenyl group co-ordinated cis to it [C(22)-Pt( 1 )-P( 1 )=96.9°] is large, hence 
reducing interactions between P-aryl and Pt-aryl rings. This is not the case with the 
phenyl ring cis to the oxazoline moiety; C(28) and N(l) are relatively close 
together [C(28)-Pt(l)-N(l) = 88.6°]. This is possible because the phenyl ring 
relieves any steric clashes by orientating itself above the plane of the molecule , 
w.r.t. the isopropyl group C(34)-C(35)-C(36) [C(28)-Pt(l)-P(l) =171.8°].
This significant deviation is a manifestation of the chiral centre at C(l), and is one 
of several effects throughout the structure brought about by this single chiral carbon
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atom; The ligand and platinum form a six membered chelate ring which is 
puckered, with all three carbon atoms residing above the plane of the complex.
As has been found with a crystal structure of a palladium complex of this ligand,61 
the phenyl groups from the diphenylphosphino moiety adopt a face-on / edge-on 
conformation. (The edge-on phenyl group is below the plane of the complex).
This ligand can therefore transmit chiral information from both sides of the ligand.
Crystal structure of [(*S)-PAN]Pt(Me)Cl, (76).
Single crystals of [(S)-PAN]Pt(Me)Cl, (76) were grown from DCM/ petroleum 
ether (60/80). However, as revealed by elemental analyses and the electron density 
map from the diffraction experiments, the crystals contained petroleum ether.
These disordered solvent molecules hampered the solution of the structure (further 
details are described in Appendix 1).
As a result of this, the structural parameters have relatively large standard 
deviations. Although no quantitative data can be obtained from the bond lengths, 
the overall structural features are not invalidated. An ORTEX 60 view of the 
structure is shown in Fig. 2.18, along with selected bond lengths and angles in 
Table 2.2.
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Table 2.2. Selected bond lengths [A] and angles [°] for [(iS)-PAN]Pt(Me)Cl, (76).
Pt-C(l) 2.12(2) C( 1 )-Pt-N( 1) 177.3(7)
Pt-N(l) 2.13(2) C(l)-Pt-P(l) 94.1(7)
Pt-P(l) 2.181(4) N(l)-Pt-P(l) 87.8(7)
Pt-Cl(l) 2.352(5) C(l)-Pt-Cl(l) 87.5(7)
P-C(17) 1.792(14) N(l)-Pt-Cl(l) 90.7(7)
P(l)-C(10) 1.80(2) P(l)-Pt-Cl(l) 178.4(8)
P (l)-C (ll) 1.85(2) C( 17)-P( 1 )-Pt 115.8(5)
N( 1 )-C(4) 1.28(3) C(10)-P(l)-Pt 112.1(6)




















Fig. 2.18 Crystal structure of [(5;-PANlPt(CH3)CI
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The structure does confirm NMR data which assigned the chlorine atom as being 
trans to the phosphorus atom. The conformation of the phosphino-oxazoline ligand 
is very similar to that in the diphenyl complex, although the bite angle of the ligand 
is slightly larger [N(l)-Pt(l)-P(l) = 87.8°]. The complex shows less deviation from 
square planar geometry compared to complex (75). The chlorine atom is not forced 
up and away from the isopropyl group [P(l)-Pt(l)-Cl(l) =178.4°], and the methyl 
and chlorine groups do not push each other apart [C(l)-Pt(l)-Cl(l) = 87.5°]. The 
structure does show the bulk features outlined in Fig. 2.5. The achiral organic 
ligand and the chiral oxazoline are situated as desired, and should exert an 
influence at this site.
2.3 Catalysis 
2.3a Epoxidation
The test reaction we chose to study was the epoxidation of 1-octene with 35% 
hydrogen peroxide, using DCM as solvent and about 2 mol% of the platinum 
catalyst (Fig. 2.20). These conditions were identical to those published with 
Strukul’s catalysts.47
Gas chromatography was used to detect any conversion of octene to epoxyoctane. 
This analytical method was sufficient to detect down to 1% conversion. Catalytic 
experiments and a control were set up, each under identical conditions, as described 
in the experimental. The following complexes were tested:
Complex (66)
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Complex (66) in the presence of AgBF4
Complex (66) in the presence of SnCl2
Complexes (78) and (79)
— 1 + b f 4 -
ph2 px L = CICH2CIPt/  \
(66)
(78): R=Me; (79): R=Ph
Fig. 2.19
Each reaction was analysed by G. C. after 4,24, and 72 hours. There was no 
epoxide detected in any of these cases. There was also no sign of any other 
products. [(iS)-PAN]Pt(CH3)CH2Cl2]BF4 was also tested as a catalyst using NaOOH 
as oxidant (as the acidity of the reactions above could be decomposing the platinum 
complexes). However, there was still no sign of products.
CH2 CI2i 35% aq. H2 0 2  '
Fig. 2.20 None of the platinum complexes we prepared catalysed epoxidation of
1-octene
2.3b 1,3-Dipolar cycloadditions
An alternative reaction involving a nucleophilic attack on an alkene is the 
1,3-dipolar cycloaddition reaction of nitrones.62,63 The products from these 
reactions are of synthetic importance as they can be readily converted into 1,3 
amino alcohols (Fig. 2.21).
2 mol% "Pt" catalyst
,r>
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R-N'0 r Ra R1"N'°\ r - n h  o hr' x *r4 -------- ►— ►
H R2 R4 R2  ^ r 2 j  r 4
R3 R3
Fig. 2.21
Enantiopure metal complexes have been reported to catalyse this reaction, but only 
if substrates of type (86), which contain additional functionality, are used.
Rl" N '°  U /? catalyst R1" N " ° \ ....  r i^ N '° v .....
hA r ---------------- ► R /- V  0  r/ V  0
O  0a ny° / ' V
(85) (8 6 ) 0  0
(87), endo (8 8 ), exo
Fig. 2.22
There have been several attempts at making the above reaction diastereo- and 
enantioselective and these have been reviewed. Palladium complexes give e.e.’s 
up to 91 %, but relatively poor endo/exo selectivity.64 A ytterbium catalyst derived 
from (S)-BINOL, Yb(OTf)3, and a chiral amine requires rather large amounts of 
catalyst (20 mol% of each component) but gives endo/exo selectivity of 99:1 and up 
to 96 % e.e.65
We wondered if our platinum complexes would catalyse the 1,3-dipolar 
cycloaddition reactions of unfunctionalised alkenes. We hoped that the alkene 
would donate electrons to the platinum cations hence lowering the energy of its 
lowest unoccupied molecular orbital, and speeding the reaction up. The reaction 
shown in Fig. 2.23 was chosen as our test reaction.
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The product, (91) was prepared by the literature route (Conditions: 40 hrs @ 60 °C,
DCM as solvent, no product was detected. Sadly, this is still the case in the 
presence of [(iS)-PAN)Pt(CH3)CH2Cl2]BF4, (78) . Under all conditions tested the 
cationic platinum complex (78) failed to catalyse the reaction. It seems likely that 
nitrone, (89) is too good a ligand even for oxophobic platinum complexes, and 
consequently the alkene is not allowed to interact with the platinum cation. 
Evidence for this is provided by the pronounced colour change (from pale yellow to 
dark red) which occurred when the nitrone was added to solutions of complex (78). 
This colour change occurred both in the presence of the alkene, and without it. 
NMR spectra of this red product (92e in Table 2.3) remained unchanged when 
styrene was added.
We also briefly tested [(S)-PAN]Pt(CH3)CH2Cl2]BF4, (78) as a catalyst for the aza 
Diels-Alder reaction 67 of Danishefskys diene 68 with an imine. However we did 
not observe any of the desired products.
2.3c NMR studies: What can we do with our organoplatinum cations?
By way of finding out more about the vacant co-ordination site, 
[(S)-PAN]Pt(CH3)CH2Cl2]BF4, (78) was allowed to react with the organic ligands 
shown in Fig. 2.24. The 31P and ]H NMR spectra were then recorded, and
styrene as solvent).66 If the reaction was carried out at room temperature using
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compared to ]H NMR spectra of the free organic substrates. The results are 




(78): L = DCM (92a-e)
(9 2 a):X = < ^C N  (92b): X= (92c): X= CNCH2 C 02Me
Ph' H
Fig. 2.24 The solvent ligand in complex (78) is easily replaced by substrates a,
c, d and e
When acrylonitrile was added to a solution of complex (78), a new complex formed 
in which the alkene protons are deshielded by the platinum cation. The smaller 
coupling constant, ^p.pt of the acrylonitrile complex, (92a), when compared to the 
DCM complex, (78), (4746 Hz vs. 5255 Hz) reflects the stronger interaction 
between the platinum cation and the acrylonitrile. A similar situation arose in the 
case of the methylisocyanoacetate complex, (92c). When styrene, b, was added to a 
solution of (78) there was no change in either the lH or 31P NMR spectra. The ]H 
NMR spectrum still showed the signal attributed to co-ordinated DCM. It seems 
likely that styrene did not interact with the platinum cation to any great extent. The 
case of the imine, d, was somewhat more complicated. Quantitative formation of 
two new platinum complexes takes place. One of these can be assigned as the Pt- 
imine cation. The other compound present is suggested to be a benzylamine 
complex, formed by hydrolysis of the imine by adventitious water.
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Table 2.3. Comparison of selected NMR data for free organic ligands and their 
metal complexes formed on addition to [(S)-PAN]Pt(Me)CH2Cl2]BF4, (78)
Complex 8h (free substrate) 8h (co-ord. Substrate) 8p, ^p.pt in brackets
(78) 5.30 5.5 8.47 (5255 Hz)
(92a) 5.66,6.08, 6.23 6.33, 6.53, 6.71 10.21 (4746 Hz)
(92b) 5.90, 5.84, 5.36 No change 8.47 (5255 Hz)
(92c) 3.82,4.24 3.83, br, 4.73, br 17.57 (3424 Hz)
(92d) 4.75, 8.32 5.04, 9.51,10.0 11.19 (4114Hz) 
12.12 (4145 Hz)
(92e) 8.40 Many new peaks 11.49, (4350 Hz), 4.91 
(3884 Hz), 7.89 
(4919 Hz) + others
Inspection of ]H NMR spectrum reveals the characteristic proton resonance of 
benzaldehyde. On addition of a nitrone to complex (78), the NMR spectra reveal a 
number of new platinum complexes being formed. It seems that the nitrone 
decomposes in the presence of the platinum cations. We therefore felt confident 
that the cationic complexes would act as Lewis acids, although alkene activation 
did not seem likely.
2.3d Aldol reaction of isocyanoacetates with aldehydes
The formation of an isonitrile adduct by mixing [(S)-PAN]Pt(CH3)CH2Cl2]BF4 with 
ethyl isocyanoacetate suggested that this complex might be able to catalyse the 
asymmetric aldol reaction of isocyanoacetates with aldehydes. This reaction 
produces oxazoline products which are particularly useful as they can be readily 






The enantiopure catalyst of choice for this reaction is a gold complex of the 
ferrocene derived ligand, (93)
(93)
Fig. 2.26
1 mol % of [Au(c-HexNC)2]BF4 in combination with the ligand, (93) (NR2 = 
morpholine) gives quantitative yields, and excellent d.e. and e.e. (Fig. 2.27).
It is proposed that the amine substituent on the chiral ligand deprotonates the 
isocyanoacetate, and forms an ion pair with the ester functionality. The aldol 
reaction then proceeds in the very rigid co-ordination environment provided by the 
gold-ligand-isonitrile complex.
As already mentioned in Chapter 1, (Fig. 1.9) a platinum complex has also been 
shown to be a good catalyst for this reaction (although e.e. and d.e.’s are not nearly 
as good).18 In the platinum catalysed reaction, the chiral ligand used is
P(Ph)2
Me
^ r - P ( P h ) 2
O ,C02Et [Au(c-HexNC)2 ]BF4  ph
(94)
NC cat. ligand (93)
(95) (96) (97)
(96)/(97) = 95:5 
e.e of (96)= 95%
Fig. 2.27
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unfunctionalised, and a catalytic amount of Hiinig's base is added to the reaction to 
facilitate deprotonation of the co-ordinated isocyanoacetate. The platinum complex 
makes the isocyanoacetate protons more acidic by withdrawing electrons from the 
isonitrile functionality. It is this process which enables the platinum complex to 
speed up the reaction. However, there will still be a slight background reaction to 
overcome, as Hiinig's base may promote the aldol reaction proceeding through 
unco-ordinated isocyanoacetate and an aldehyde. Richards and co-workers have 
found the Hiinig’s base catalysed reaction of substrates (94) and (95) to reach 23 % 
after 23 hours.69
We wished to establish whether our new platinum complexes would make viable 
Lewis acid catalysts. If complexes (78) or (79) were efficient catalysts for this 
reaction, an interesting possibility would be to synthesise phosphino-oxazoline 
ligands which contain an internal Lewis base, and to test these out in this and other 
reactions. It was pleasing to find that complex (78) did catalyse the aldol reaction 
of compounds (94) and (95) (Fig. 2.28). However, at the catalyst loading we used 
the reaction was quite slow. It is likely that any enantioselectivity observed would 
be eroded by the Hiinig’s base catalysed background reaction. The e.e. was 
therefore not determined.
,C02Et 2 mol% (78)
10 mol% 'Pr2EtN
DCM, 20 °C, 16 h
(96) (97)
1 0 0  % conversion
(96) 7(97) = 70:30
Fig. 2.28
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2.3e Diels-Alder reaction of acrylonitrile derivatives
As the complexes definitely did bind, and withdrew electrons from nitrile type 
functionalities, we tested the complexes for catalytic activity in the Diels-Alder 
reaction of acrylonitrile derivatives. An enantioselective version of this reaction 
would be a very useful process, as the nitrile group is readily transformed into other 
functionalities. In the case of the 2-chloro-acrylonitrile substrate we tested, the 
cyano and chloro groups can be simply converted to a carbonyl group, and it 
therefore acts as a useful ketene equivalent.70 Variants of this reaction have found
71application in a number of total syntheses.
We found that 5 mol% of complex (78) would catalyse the reaction shown (Fig. 
2.29) to give high conversion to bicyclic compounds (100) and (101) as a 7:1 
mixture of endo and exo isomers. Analysis of the NMR spectra reveals that the 
endo-2-chloro isomer is favoured (as is the case with the uncatalysed reaction
of conditions. As a result of this, no further testing was carried out. This is the first 
time, to the best of our knowledge, that the use of an enantiopure Lewis acid has 
been evaluated in this reaction, and the first instance of platinum catalysing a 







e.e. of (1 0 0 ) up to 1 0  %
Fig. 2.29
77(uncatalysed ret.: 4:1 mixture). The enantioselectivity of the process could be 
estimated by G.C., and was always found to be low (c. 10 % e.e.) under a variety
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2.3f Asymmetric Michael reaction of a-cyano carboxylates
The cationic complexes were then tested as catalysts in the asymmetric Michael 
reaction of a-cyano carboxylates (Fig. 2.30). This reaction was first studied by Ito 
and co-workers.74 They found that in the presence of 1 mol% of Rh(H)CO(PPh3)3, 
and the enantiopure, trans chelating ligand, (105), high yields and high 
enantioselectivities (81 % e.e. for the substrate shown) were achieved. The high 











It has also been shown that this reaction proceeds in the presence of the preformed 
palladium catalyst, (106) and a catalytic amount of base to give the desired product 
(74% yield; 34% e.e.).69 We wished to find out if organoplatinum cations would 
catalyse this reaction.
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We were pleased to find that the methyl substituted platinum compound, 
[(iS)-PAN]Pt(CH3)CH2Cl2]BF4 (78) was quite a good catalyst, 1 mol% of complex 
(78) giving essentially complete conversion (by T.L.C.) in 16 hours. 
Enantioselectivity, however, was rather low. Changing the solvent to toluene gave 
a small increase in e.e. The results obtained are shown in Table 2.4. In contrast, 
the phenyl substituted compound, (79), was a much less active catalyst, with the 
reactions still not reaching completion even after long reaction times. This catalyst 
was also less enantioselective (17% e.e. vs. 25% e.e.). Although the e.e.’s obtained 
are relatively poor, they do suggest that changing the achiral, organic substituent 
could be used to fine tune the catalyst structure, without the need to prepare 
alternative enantiomerically pure ligands.
Table 2. 4. Asymmetric Michael reaction of ketone (102) and nitrile (103) using 
the new platinum complexes (78) and (79) as catalysts.




(78) (5 mol%) DCM 16 88% 16% (R)
(78) DCM 40 78% 17% (R)
(78) Toluene 16 81 % 23% (R)
(78)(e) Toluene 16 84% 25% (R)
(79) DCM 23 56% 17% (R)
(79) Toluene 55 56% 17% (R)
a: All reactions, ran at 20 °C using 1 mol% Pt catalyst, 10 mol% Hunigs base, 1 equiv. nitrile, 1.5 
equiv. methyl vinyl ketone (unless described otherwise), 
b: Isolated yields by column chromatography, 
c: determined by HPLC using Chiracel OD column, 
d: determined by optical rotation
e: Methyl vinyl ketone added as a solution in 3 mL toluene via a syringe pump over 10 hours.
48
2.4 Notes on the preparation of other potential epoxidation 
catalysts
We next considered synthesising platinum complexes which contained other alkyl 
ligands. The alkyl ligand that was chosen was the powerfully electron withdrawing 
trifluoroacetyl ligand. A possible precursor to such a complex had previously been 
described.75 We wished to have a model complex that closely resembled the 
original Strukul epoxidation catalysts (so we were not changing too many variables 
at once), so we chose to use the achiral ligand, 
cis-1,2-bis(diphenylphosphino)ethylene.
Complex (110), cis-\,2-bis(diphenylphosphino)ethylene-chloro-(trifluoroacetyl)- 
platinum (II) was prepared by phosphine exchange with the known compound, 
/ra/w-bis(methyldiphenylphosphine)-chloro-(trifluoroacetyl)-platinum (II), (109) 
(Fig. 2.32).75
(PhkMeR, PMe(Ph), p h 2  MeP  CF3COCI (Ph);>MePx /C l
Pt  ► (Ph2  MeP)4Pt  ^  Ptv




(Ph)2P P(Ph) 2  ^
> ( P' / \  (Ph)2Px >(Ph ) 2
(109)  ► (Ph)2 Pw P(Ph)2   7 ^  _ J= \_  ~ l +BF4
° p 3 ' II
^  (110)
'Cl /  \  Pf
£ / 3^ lf 'solv-
o
Fig. 2.32
The crude product from this reaction was always very impure and had to be purified 
by flash chromatography. The pure compound isolated showed the expected 
structure as determined by NMR. The 31P NMR spectrum of this compound showed
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platinum-phosphorus coupling of 1752 and 3979 Hz. The larger coupling constant 
attributed to the phosphorus atom trans to chloride, while the smaller coupling trans 
to trifluoroacetyl indicates that this group has a high trans influence. In addition to 
this, the two inequivalent phosphorus atoms couple to one another and to the proton 
in the backbone of the ligand. All our attempts to abstract a chloride ion from
(110) using silver tetrafluoroborate resulted in decomposition (Fig. 2.32). This 
route to epoxidation catalysts was therefore abandoned.
Several attempts to prepare a trifluoromethyl substituted platinum complex were 
also made. Compound (109) was heated at 150 °C under vacuum (1mm Hg) to try 
to decarbonylate and produce rram'-bis-(methyldiphenylphosphine)-chloro- 
(trifluoromethyl)-platinum(II).75 This reaction always failed, and resulted in 
decomposition. Oxidative addition of CF3Br to (Ph3P)4Pt76 gave a complex mixture 
of products which we could not purify. As an alternative approach, we tried to 
utilise commercially available CF3-SiMe311' 78 to introduce the trifluoromethyl 
group. However, oxidative addition of CF3-SiMe3 also gave inseparable mixtures, 
which were also obtained when CF3-SiMe3 was reacted with platinum(II) 
complexes such as (Ph3P)2PtCl2 in the presence of tetrabutyl ammonium fluoride or 
other promoters.
As we did not have a route to a trifluoromethyl substituted precursor which could 
exchange a ligand, or ligands for the phosphino-oxazoline (64), the search for 
epoxidation catalysts was abandoned. However, in the work I have described in the 
previous chapter, we learnt a lot about the co-ordination chemistry of ligand (64)
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and prepared well defined, Lewis acidic complexes which catalysed a number of 
reactions. The electronic difference between the phosphorus and nitrogen donors in 
the ligand controls the selectivity of the substitution reactions that the platinum 
complexes undergo. In particular platinum-carbon bond cleavage proceeds entirely 
trans to phosphorus, insertion of SnCl2 into the Pt-Cl bonds entirely cis to 
phosphorus, and insertion of diazo compounds entirely trans to the phosphorus 
donor. This selectivity could be used to prepare complexes that had many of the 
features we aimed for at the onset of our work (Fig. 2.6). The complexes have been 
shown to catalyse three different reactions using nitrile substrates. The use of 
platinum Lewis acid catalysts had been relatively unexplored prior to this work and 
may be of use in the future. While studying the Lewis acidic complexes, we 
became interested in using some of the compounds I had prepared as catalysts for 
allylic alkylation. It is this which will be discussed in the future chapters.
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Chapter 3
Platinum Catalysed Allylic Substitution
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3.1 Background: Transition metal catalysed 
allylic alkylation reactions
Allylic substitution reactions are traditionally catalysed by palladium complexes. 
These reactions constitute a huge area of research and have been reviewed many 
times.79 The widely accepted mechanism for this reaction is shown in Fig. 3.1. A 

















Fig. 3.1 Proposed mechanism for allylic alkylation
In order to obtain enantioselectivity when a symmetrical allylic acetate is employed, 
the nucleophile must attack regioselectively at one end of the allylic terminus. It 
took a considerable amount of time to achieve this challenge, but by the early 
1990’s, several research groups had achieved almost complete enantiocontrol for 
some symmetrical substrates such as compound (112). Particularly pertinent to the 
research described in the following chapters are the ligands of type (111) which 
were simultaneously introduced by Williams,80 Pfaltz10b and Helmchen10c. These 




Although many different ligands of this type were prepared over the years, ’ ’ 
the most studied ligand is [(S)-PAN], (64). Examples of its efficiency in palladium 
catalysed allylic substitution are shown below. The reaction can be used in the 
preparation of, for example, amino acid derivative, (114) and succinic acid 
derivative, (117) (Fig’s 3.3 & 3.4).80
(1 1 1 ) (64)
Fig. 3.2
cat. [(C3H5)PdCll2













Ph OAc cat. ligand (64) Ph CH(C02Me)2
Ph v  Ph 
(115)
NaCH(C02Me)2
Ph v  Ph
(116)
c h 2c o 2h




The mechanism of enantioselective allylic alkylation when using this ligand is 
thought to be as follows: (Fig. 3.5)
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The racemic allylic acetate oxidatively adds to the palladium. There is a kinetic 
resolution at this stage (one enantiomer of acetate is used up more quickly than the 
other). This reaction forms a pair of diastereomeric palladium allyl complexes, 
(118) and (119), which are able to freely interconvert during the reaction (the rate 
of diastereomer interconversion is much more rapid than the rate of nucleophilic 
attack) The actual ratio of the two complexes (118) and (119) is 8: l.61 Complex 
(118) is actually the favoured diastereomer.
OAc OAc
Ph' Ph Ph'
















The nucleophile then adds regioselectively trans to the phosphorus atom in 
complex (118) (route b) to generate the desired products via complex (120). This is
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due to the higher trans influence of the phosphorus atom activating this end of the 
terminus. In addition, the enantioselectivity of the products is actually greater than 
the ratio of diastereomeric complexes (118) and (119). It appears that the major 
diastereomer also reacts more quickly than the minor one. The reaction therefore 
proceeds almost entirely through nucleophilic attack “ route” b) on complex (118).
Despite the usefulness of palladium catalysed allylic substitution, there are 
limitations in terms of substrate, nucleophile, and selectivity. Consequently, there 
has been ever increasing attention paid to the use of other metals that might 
increase the scope of the reaction. In fact, a number of important papers were 
published in this field during our own studies. Over the next few pages the 
application of a wide range of transition metal complexes as catalysts for allylic 
substitution will be discussed.
Palladium complexes have not been reported to catalyse allylic alkylation of 
Grignard reagents. Nickel complexes, however, are excellent catalysts for this 
transformation, and enantioselective variants of this reaction have been described.
cat. \ ___/
0Me cat. Ni(COD)2 Ph2 P P Ph2
Ph v  Ph ------------------------------------------------------► Ph ^  Ph
(121) 3 equiv. EtMgBr (122)
Et20, 25 °C, 20 hrs. 78 % yield
79 % e.e.
Fig. 3.6
Nickel catalysts also allow the use of aryl and alkenyl borates as nucleophiles, 
which are not allylated using palladium catalysts.84 When soft nucleophiles such as 
dimethylmalonate are used, the highest catalytic activity is observed using
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bis(aminophosphine) ligands such as ligand (124). For example, when acetate 
(125) is alkylated with dimethylmalonate, the two regioisomeric products (126) and 
(127) are produced (B / L ~ 70 /30). The use of ligand (124) halves the reaction 
time compared to dppb, (123), which was previously found to be one of the best 
ligands for nickel catalysed allylic alkylation (Fig. 3.7). Some substrates only 
reacted when (124) was used as ligand.85
Fig. 3.7
Tungsten complexes catalyse allylic alkylation (but with lower activity than Pd) and 
give complementary regioselectivity to palladium: Mono-substituted allylic
outcome, also seen with molybdenum complexes, is thought to be due to the 
nucleophile attacking the metal prior to nucleophilic addition to the allyl ligand. 









carbonates generally give branched products.86 This change in regiochemical
reported.87 Good regioselectivity and excellent e.e.’s were observed for
mono-(aryl) substituted allylic phosphates such as (128) (Fig. 3.8).
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10 mol % T ^ i r ° >
X  'Pr
OCT I > c o
O
D/ni=« (131) X = MeCN
0-P(OEt)2  ^  CH(C02Me)2 CH(C02Me)2
5 equiv. NaCH(C02Me)2
THF, -13 °C, 208 hrs (129) (131)(128)
(129)/(130) = 74:26 
e.e. = 96 %
Fig. 3.8
Molybdenum catalysts are also of considerable interest. The catalysts also give the
oo
more branched isomer regioselectively from mono-substituted allylic esters. 
Kocovsky and co-workers have shown that enol-ethers and electron rich aromatics
OQ
can be allylated using molybdenum catalysis. Probably the most promising 
example of allylic substitution catalysed by a metal other than palladium was 
reported while our work was in progress (Fig. 3.9). The use of a molybdenum 
complex of ligand (132) gives excellent regio- and enantioselectivity in the 
alkylation of carbonate (133).90 Very recently, Pfaltz and co-workers have studied 




O cat, ligand (132) CH(C02Me)2 CH(CQ2Me)2
Ph 1.5 equiv. p h
NaCH(C02Me)2 
(133) (129) (130)
(129)/(130) = 49:1 






Ruthenium complexes catalyse allylic alkylation of allylic carbonates when amines 
are used as solvent. The ruthenium catalysed reactions show different selectivity to 
palladium. Some substrate / nucleophile combinations gave mixtures of branched 
and linear products, whereas others gave exclusive formation of branched products 
and double bond isomerisation can occur under the reaction conditions. Diallylated 
products can also be obtained selectively when using ruthenium catalysts (Fig.
3. II).92
(3  equ iv .)
O o  4  mo1 % Ru(CO T)(COD)
^ o c ° 2M6 7 = ^ -----------------------
(1 3 6 ) (1 3 7 ) ( N—  so lven t
2 0  hrs, 50°C
COD = cyc lo -octad ien e  
COT = cyclotetrad iene
Fig. 3.11
Wilkinson’s catalyst, when modified with (MeO)3P catalyses allylic alkylation. 
These reactions are thought to proceed via a-allyl species, and show a memory of 
what the starting material was, ie. enantiomerically pure, branched carbonate,
(139) gives enantiomerically pure branched product (126). Linear carbonates give a 
mixture of linear and branched isomers (Fig. 3.12).93
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cat. R h (P P ^ )3a  
0 C 0 2Me cat. (M eO^P QH(C02Me)2
'C H (C 02Me)2 
(1 2 6 )/(1 2 7 ) = 42:1
cat. Rh(PPh3)3CI
C-H(C02Me)2
^  cat. (M eObP k \  ^  ^
^  0 C 0 2Me  ► ^ ^ X H ( C 0 2Me)2
(140) NaCH(C02Me)2l 30 °C (1M ) ((|27)
(1 2 6 )/(1 2 7 ) = 2:1
Fig. 3.12
The iridium complex [Ir(COD)Cl]2 , when used in conjunction with electron poor 
ligands catalysed allylic alkylation with excellent regioselectivity towards branched 
products.
2 mol % [lr(COD)CI]2 
R2 8m ol% (PhO )3P  R k ^ ^ r ,
r3 2
OAc 2 equiv. N aCH(C02Me)2 (M e02C)?HC R3 + I R3
C H (C 02Me)2
(141) (142)
R-] = Me, Ph, n-Hex, n-Oct 
r 2  =  r 3  =  h
(141) / (142) ~ 95:5
Rt =H, R2 = Me, R3 = nBu, Me
(1 4 1 )/(1 4 2 ) = 0:100
Fig. 3.13
Electron poor ligands are essential for both activity and regioselectivity, and 
triphenylphosphite was found to be the ideal ligand for the achiral reaction (Fig.
3.13).94 [Ir(COD)Cl]2 catalyses the reactions enantioselectively when ligands (143) 
or (144) are used.95,96
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Platinum catalysed allylic alkylations have only been reported three times in the 
literature. Kurosawa initially reported that (Ph3P)4Pt catalyses allylic alkylation of 
allyl and butenyl acetate. Interestingly, he observed a greater proportion of 
compound (126) than could be obtained when using an otherwise identical 
palladium catalyst (Fig. 3.15).97
OAc cat. (Ph3 P)2 M(Ti3 -C4 H7 )CI CH(C02 Me) 2
Brown and co-workers also studied the reaction of butenyl acetate with sodium
Q O
dimethylmalonate. Labelling experiments proved that the reaction proceeds via 
nucleophilic attack on an r|3- allyl complex. The complex 
[(/i^-DIOP)Pt(Ti3-C4H7)]BF4 was shown to be an interconverting mixture of all 
four possible isomers, (145)-(148) (both diastereomers for both E and Z complexes; 
At equilibrium Z:E =1:1.7, both diasteromers in approx. equal amounts).
+ ^  ^  CH(C02 Me) 2
(127)(125) TICH(C02 Me) 2 (126)
M = Pt: (126)/(127) = 1.5: 1 





All four of these complexes react with the nucleophile, but at somewhat different 
rates as the products are predominantly branched ((126) / (127) -5 :1 , e.e. of (126) 
= 11%) and the linear isomer was almost entirely E product. The otherwise 
identical palladium complex [(i^-DIOP)Pd(rj3-C4H7)]BF4 gave lower 
regioselectivity towards branched product ((126) / (127) -  1.3:1, e.e. of (126) = 
13%). A study by Murai and co-workers showed platinum complexes catalysed a 
double alkylation reaction." This is described in greater detail in Chapter 4.
There are also reports on cobalt,100 manganese,101 iron,102 and copper 103 either 
catalysing or stoichiometrically promoting allylic alkylation.
3.2 Results and discussion: Development of a highly 
enantioselective platinum catalysed allylic alkylation reaction
The aim of this area of our research was to develop a highly enantioselective allylic 
substitution reaction catalysed by platinum. This had never been achieved before 
and given the impressive advances made by studying different metals as catalysts 
for this reaction, we had no doubt that it could be an interesting field of study.
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In particular, we wondered if the use of platinum as catalyst would give different 
selectivity, or allow the development of brand new types of allylation reactions.
As a starting point, we tested the readily available precursors, (Ph3P)4Pt, 
(PPh3)2Pt-ethylene, and Pt(dba)2 104 in the presence of the chiral ligand, 
(4S)-2-(2-diphenylphosphinophenyl)-4-isopropyl-l,3-oxazoline, (64) ((5)-PAN see 
Chapter 2, Fig. 2.6 ). The reaction chosen was the alkylation of 
l,3-diphenylprop-2-enyl acetate, (112) with dimethylmalonate to afford product
(149) (Fig. 3.17). This is often used as the standard reaction to assay the 
effectiveness of a new ligand or catalyst.
OAc




The first two catalyst systems proceeded readily, giving complete conversion into 
product after 16 hours at room temperature (Table 3.1: entries 1 & 2). However, 
enantioselectivity is low. It is our contention that during these reactions the major 
catalytic species does not contain a chelating phosphino-oxazoline ligand. This is 
possible as the excess triphenylphosphine present could compete with the nitrogen 
donor of the oxazoline group for a co-ordination site on the platinum. It is assumed 
that (aS)-PaN  needs to chelate in order to achieve high selectivity. The low 
enantioselectivity is somewhat in contrast to palladium, as Gais and co-workers 
have successfully used a combination of (Ph3P)4Pd and ligand (1) as a highly 
enantioselective catalyst.105
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Attempts to characterise the platinum complexes formed when one or two 
equivalents of phosphino-oxazoline ligand are added to either (Ph3P)4Pt or 
(PPh3)2Pt-ethylene failed.
Table 3.1. Allylic alkylation of acetate, (112) catalysed by readily available 
precursors in the presence of the ligand (S)-PAN.(a)
Entry Catalyst T / ° C t / h yield e. e.<b)
1 (Ph3P)4Pt 20 16 85 8 (S)
2 (Ph3P)2Pt-ethylene 20 16 90 28 (S)
3 Pt(dba)2 20 24 trace 95 (S)
4 Pt(dba)2 (c) 65 44 trace ( - )
a: All reactions were carried out in dry DCM using 5 mol% o f  catalyst, 3 equiv. dimethylmalonate, 3 
equiv. BSA, 10 mol% CsOAc unless stated otherwise.
b: Determined by HPLC using Daicel Chiralcel ® OD column (Hexane/ 'PrOH 99:1)
Absolute configuration by comparison with known Pd catalysed products. 80
c: 10 mol % Pt(dba)2 used. Reaction carried out in THF using preformed NaCH(C02Me)2 as
nucleophile.
When Pt(dba)2 and (<S)-PAN was used as the catalyst system, (Table 3.1: entries 3 & 
4) a highly enantioselective reaction was realised, but only a trace amount of 
product was obtained. This catalytic system was tested again under many different 
conditions, but we never found a system that gave good turnover. It has recently 
been reported that palladium dba complexes are less active catalysts than the 
combination of palladium (II) and a reducing agent.106 In order for allylic 
alkylation reactions to proceed the dba has to be replaced by the allylic acetate and 
studies on diphosphine platinum complexes, (PAP)Pt(dba) have revealed that dba is 
not displaced easily, even by phosphine ligands.107
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We then spent some effort trying to prepare zerovalent platinum complexes of 
ligand (64). Attempts to prepare P t0 compounds from Pt(dba)2 and (64) gave 
unknown complex mixtures. If we tried to prepare [(S)-PAN]2Pt, [(S)-PAN]3Pt, or 
[S)-PAN]4Pt by the same method used for the preparation of (Ph3P)4Pt ( K2PtCl4, 
ligand, EtOH, KOH), we isolated a black insoluble material, assumed to be 
platinum metal. Hydrazine reduction of compound [(S)-PAN]PtCl2 in the presence 
of (5)-PAN gave an air stable yellow powder which gave complex NMR spectra. 
Chemical analysis showed the compound contained far too much nitrogen, so it is 
suggested to be a hydrazine containing product. None of the complexes isolated 
showed catalytic properties.
After a few further studies, it became clear that we needed to find out what types of 
complexes would catalyse the reaction with maximum efficiency. To this end, the 
complexes in Table 3.2 were prepared and tested. The catalysts in entries 1-5, and 
7 (in Table 3.2) were either prepared by a literature procedure or purchased. 
[(dppe)PtC3H5]BF4 (150) was prepared as for [(PPh3)Pt(C3H5)]BF4 (Fig. 3.18).108
Ph2 P 3^ Ph2
THF, 20 °C, 10 mins Ph J ~ \  Ph~~l + ~ B p 4
[(C3 H5 )PtCI] 4  ------------------------------------  P h 2  V P 2




Each of these compounds was tested under identical conditions in the standard 
reaction (Fig. 3.17) shown.
Table 3.2. Types of platinum complexes that catalyse allylic 
alkylation of acetate (112) at room temperature.(a)
Entry Catalyst Conversion (T.L.C) 
( Isolated yield ) ^
1 (Ph3P)4Pt 100 (82)
2 (Ph3P)2Pt-ethylene 100 (88)
3 (dppe)2Pt 0 (0)
4 (Ph3P)2Pt-trans-stilbene 100 (not isolated)
5 [(PhO)3P]4Pt 0 (0)
6 [(dppe)PtC3H5]BF4 100 (78)
7 (Ph3P)2PtCl2 and NaBH(OMe)3 100 (85)
a: Conditions: 5 mol % Pt catalyst, 1.7 equiv. NaCH(C02Me)2, 16 hrs at 20 °C in dry THF. 
b: isolated yield after purification by column chromatography.
It appears that in the platinum catalysed reaction, the source of zerovalent platinum 
is crucial to the high reactivity of the system. The lower reactivity of zerovalent 
bis-diphosphine complexes (entry 3) is not observed in the palladium catalysed 
reaction, and it has been suggested that (dppe)2Pd is a more reactive catalyst than 
(Ph3P)4Pd. The complexes that do not act as catalysts at 20 °C are thought to be 
less prone to dissociation into a co-ordinatively unsaturated species. It is therefore 
plausible that the oxidative addition step of the reaction does not occur at room 
temperature for these compounds.
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Having found out more about the type of procatalyst required, we returned to the 
enantioselective reaction. In order to avoid contamination from less 
enantioselective reaction pathways during the reactions, it seemed most appropriate 
to synthesise a procatalyst that contains a single phosphino-oxazoline ligand which 
chelates to the platinum. This should also fulfil the requirement of having a co- 
ordinatively unsaturated species undergoing the oxidative addition reaction.
As (Ph3P)2Pt-/ra«s-stilbene was a convenient and active catalyst, we attempted to 
prepare the enantiomerically pure analogue [(S)-PAN]Pt-frY2/M-stilbene, (151). 
Enantiomerically pure platinum complexes of /ra«s-stilbene are of considerable 
interest in their own right as models for enantioface recognition of alkenes.109,110 
Complexes of this type are typically prepared by reduction of the corresponding 
dichloro complex, LPtCl2 in the presence of the alkene. We had already prepared 
[(.S)-PAN]PtCl2, (66) (Chap.2, Fig. 2.7). Reduction of this compound in the 
presence of /r<ms-stilbene was carried out using NaBH(OMe)3 as reducing agent, 
and gave an orange-brown solid which is suggested to contain the desired product,
Ph
(66) (151)
Fig. 3.19 Attempted preparation of the zerovalent traws-stilbene complex (151)
(151).
3 equiv. NaBH(OMe) 3  
0  1 equiv. trans-stilbene
THF, 20 °C, 2 hours
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However, the complex was impure, and all our attempts at recrystallisation resulted 
in decomposition. Importantly, the use of the impure complex (151) as allylic 
substitution catalyst gave a moderate yield of enantiomerically enriched product, 
(149), providing that the reaction was carried out at reflux temperature (42% yield; 
75% e.e.; 72hrs, 65 °C) It is noteworthy that complexes of the P,N bidentate ligand 
make less active catalysts than those derived from triphenylphosphine.
A combination of [(S)-PAN]PtCl2 and NaBH(OMe)3 was also tested as catalyst 
(Table 3.3). It was pleasing to observe good yields and enantioselectivity using this 
system at 65 °C (entries 3 and 4).
Table 3.3 Enantioselective allylic alkylation of acetate (112) using a combination 
of complex (66) and NaBH(OMe)3 as catalyst.(a)
Entry Additive T / ° C t / h Conversion(b) e.e.
(isolated yield)
1 none 20 20 - -
2 <d> none 65 90 48 77 (S)
3 none 65 44 65 ( - ) 77 (S)
4 5% ligand(l) 65 35 100 (93) 83 (S)
5 10% ligand(l) 65 44 100 ( - ) 61 (S)
6 5% PPh3 20 16 100 (91) 2 (S)
7 frvms-stilbene 65 24 43 ( - ) 49 (S)
8 c> none 65 50 25 ( - ) 48 (S)
a: All reactions carried out in THF, using 1.7 equiv. NaCH(C02Me)2 as nucleophile, 
b: Determined by HPLC using Daicel Chiralcel ® OD column (Hexane/ ‘PrOH 99:1) 
c: Absolute configuration by comparison with known Pd catalysed products.80 
d: reaction carried out in acetonitrile 
e: allylic acetate added prior to NaBH(OMe)3
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We suggest that [(S)-PAN]Pt °is the major species formed when complex (66) and 
NaBH(OMe)3 are mixed together. Oxidative addition of the allylic acetate, (112) 
gives the desired platinum allyl complex containing one chelating phosphino- 
oxazoline ligand. Nucleophilic attack followed by dissociation of the product 
regenerates [(<S')-PAN]Pt0 which then starts the catalytic cycle off again.
Whereas [(55-PAN]PtCl2 / NaBH(OMe)3 requires 44 hours at 65 °C to obtain high 
conversion, [(S)-PAN]PtCl2 / NaBH(OMe)3 / PPh3 gives a high yield (of racemic 
material) after 16 hours at 20 °C. The presence of triphenylphosphine, which 
might be expected to inhibit reaction by competing with the alkene for a 
co-ordination site, speeds up the reaction dramatically. In addition, running the 
reaction with 10 mol% of excess ligand reduces enantioselectivity considerably. 
All our results suggest that the fast, unselective allylic alkylations which are 
observed when triphenylphosphine is present in the reaction mixture (Table 3.1, 
entries 1 & 2; Table 3.3, entry 6) proceed predominantly through either complex
(152) or (153) (Fig. 3.20). When excess phosphino-oxazoline ligand is present 
(Table 3.3, entry 5; Table 3.7, entry 4) the reaction probably proceeds via both 
complex (154) and complex (155).
Fig. 3.20 Competing pathways for platinum catalysed allylic alkylation when 
there is more than one ligand per Pt complex present
(152) (153) (154) (155)
69
During the development of the above process, we found that the use of crude 
complex (66) as catalyst gives significantly lower enantioselectivity (50-60 % e.e.) 
than can be obtained under our optimum conditions. It is therefore important to 
take care in the purification of complex (66). We also note here that the following 
catalysts systems either gave complex mixtures of products or no reaction at all. 
Complex (66) / NaOEt, complex (66) / NaOAc; complex (66) / DIBAL; K2PtCl4 / 
NaOAc / ligand (64); (COD)PtCl2 / ligand / Cp2Co; complex (66) / AgOAc / 
ligand (64)
3*3 Comparison of catalytic performance with an isoelectronic 
palladium complex.
In order to make a strict comparison with the palladium catalysed reaction, the 
palladium complex, [(5)-PAN]PdCl2, (156) was also prepared as shown in Fig. 3.21, 
and tested as a catalyst. If this catalyst is used with an excess of ligand, the 
enantiomeric excess actually goes up slightly, and is therefore a complete contrast 
to platinum (Table 3.4). If the palladium complex is reduced in the presence of 
triphenylphosphine, enantiomerically enriched products are still formed. The 
reactivity of the palladium catalyst is significantly reduced when it is used with 





Table 3.4 Enantioselective allylic alkylation of acetate (112) using a combination 
of palladium complex (156) and NaBH(OMe)3 as catalyst.(a)
Entry Additive T / °C t / h Conversion^ e.e.(b,c)
1 none 20 20 100 91 (S)
2 5% ligand (64) 20 20 38 93 (S)
3 5% PPh3 20 20 58 56 (S)
a: All reactions carried out in THF, using 1.7 eqv. NaCH(C02Me)2 as nucleophile, 
b: Determined by HPLC using Daicel Chiralcel ® OD column (Hexane/ 'PrOH 99:1) 
c: Absolute configuration by comparison with known Pd catalysed products. 80
We have proposed that the more variable enantiomeric excess associated with our 
platinum catalysed reaction is due to the ligand being hemilabile when complexed 
to platinum. To support this, we added excess ligand to the complexes 
[(S)-PAN]PtCl2, (66) and [(<S)-PAN]PdCl2, (156) and characterised the products 
formed by 31P and NMR. In the case of platinum, compound (66) is instantly 
converted into complex (67) on addition of one equivalent of ligand (Fig. 3.22). 
This bis phosphino-oxazoline complex was previously observed as a by-product in 
the synthesis of complex (66) was characterised by NMR (chap.2, Fig. 2.7).
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Even after extended reaction times, the palladium complex gives a mixture of free 
ligand, unchanged starting material, (156) and a new complex, which is presumably
31the palladium analogue of platinum complex (67), as it shows one peak in the P 
NMR spectrum. Hence, complexes (66) and (156) show different behaviour in the 
presence of excess ligand.
(66)
Fig. 3.22
Co-ordination chemistry of the type described here has potential to occur in any 
metal complex which contains heterobidentate ligands, and has considerable effects 
on the catalytic properties. Very recently, another group has observed similar 
chemistry for another set of heterobidentate ligands co-ordinated to palladium.111 
Measuring enantiomeric excess as a function of metal:ligand ratio should be an 
essential experiment in the testing of catalysts derived from chiral heterobidentate 
ligands.
3.4 Crystal structures of [(5)-PAN]PtCl2, (66) 
and [(*S)-PAN]PdCl2, (156)
In order to fully establish the conformation of the two catalysts, the crystal 
structures of [(iS)-PAN]PtCl2, (66) and [(iS)-PAN]PdCl2, (156) were determined by
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X-ray diffraction. ORTEX 60 views of the two structures are shown in figures 3.23 
and 3.24 respectively. Selected geometric data is given in Tables 3.5 and 3.6 
respectively. Further crystallographic data is provided in Appendix 1.
Both structures show that the ligand is bidentate and that it forms a six membered, 
puckered, chelate ring with the metal. All three carbon atoms in this ring reside 
above the plane of the complex with respect to the isopropyl group [C(23), C(22), 
C(24) for complex (66)].
|C (6)
)C<4)










Fig. 3.23 Crystal structure of fS)-PAN)PtCl2 
Table 3.5. Bond lengths [A] and angles [°] for [(S)-PAN]PtCl2, (66)
Selected bond lengths[A] for (66) Selected bond angles [°] for (66)
Pt( 1 )-N( 1) 2.01(2) N( 1 )-Pt( 1 )-P( 1) 90.0(5)
Pt(l)-P(l) 2.192(5) N (l)-Pt(l)-C l(l) 176.1(5)
Pt(l)-C l(l) 2.284(6) P( 1 )"Pt( 1 )-Cl( 1) 90.8(2)
Pt( 1 )-Cl(2) 2.363(6) N( 1 )-Pt( 1 )-Cl(2) 90.2(5)
C(4)-N( 1) 1.29(3) P(l)-Pt(l)-Cl(2) 176.6(2)
Cl(l)-Pt(l)-Cl(2) 89.2(2)
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This conformation, common to other metal complexes of this ligand, forces the 
diphenylphosphino group to adopt an edge on/face on array. The overall shape and 
co-ordination environment surrounding the metal centres is similar within both 
crystal structures, despite the fact that the asymmetric unit in (156) incorporates one 
molecule of recrystallisation solvent (DCM). The metal-phosphorus bonds are c.
0.2 A longer than the metal-nitrogen bond distances. The C=N bond which is 1.26A 
in the crystal structure of the free ligand,112 is 1.254(13) A for the Pd complex and 
1.29(3) A for [(i$)-PAN]PtCl2. In both complexes the greater trans influence of the 
phosphine relative to the oxazoline is reflected in the significantly differing M-Cl 
bond lengths. The Pt-Cl bond trans to phosphorus is 2.363(6) A, whereas the 
corresponding Pd-Cl bond is 2.379(3) A. As such these metal-chlorine bond 
distances are, as expected, 0.1 A longer than the M-Cl distances trans to the 
nitrogen atom.
C(1)
Fig. 3.24 Crystal structure of (5)-PAN)PdCl2.DCM
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Table 4.6. Bond lengths [A] and angles [°] for [(5)-PAN]PdCl2, (156)
Selected bond lengths[A] for (156) Selected bond angles [°] for (156)
Pd(l)-N(l) 2.034(8) N(l)-Pd(l)-P(l) 88.6(2)
Pd(l)-P(l) 2.217(3) N(l)-Pd(l)-Cl(2) 174.6(2)
Pd(l)-Cl(2) 2.294 (3) P(l)-Pd(l)-Cl(2) 89.16(10)
Pd(l)-Cl(l) 2.379 (3) N(l)-Pd(l)-Cl(l) 92.4(2)
C(4)-(1)N 1.254(13) P(l)-Pd(l)-Cl(l) 175.17(12)
Cl(2)-Pd(l)-Cl(l) 90.26(10)
3.5 Enantioselective allylic alkylation using [(C3HS)MC1]„ catalysts.
We also looked at the use of readily available [(ri3-C3H5)PtCl]4 in the presence of 
(£)-PAN as a catalyst for this reaction (Table 3.7). The highest e.e. (90%) was 
observed at room temperature when conversion was low. When the reaction was 
carried out in THF at reflux, high conversion into product could be observed (74% 
yield: 84 % e.e.).
Table 3.7 Enantioselective allylic alkylation of acetate (112) using a combination 
of [(C3H5)PtCl]4 and (5>PAN as catalyst.(a)
Entry Ligand (1) added 
(%)
T / ° C t / h Conversion(b) 
(isolated yield)
e.e. (b’c>
1 5% 20 72 25 ( - ) 90 (S)
2 5% 65 48 81 (74) 84 (S)
3 10% 20 24 32 ( - ) 86 (S)
4 10% 65 44 100 (90) 57 (S)
5 5% (d) 65 48 - (37) 17 (S)
a: All reactions carried out in THF, using 1.7 equiv. NaCH(CC>2Me) 2  as nucleophile, 
b: Determined by HPLC using Daicel Chiralcel ® OD column (Hexane/ ‘PrOH 99:1) 
c: Absolute configuration by comparison with known Pd catalysed products.80 
c: Prior to reaction, AgBF4 is added to solution o f  [(C3H5)PtCl]4 and (1), (AgCl is filtered off)
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When the metal to ligand ratio is 1 : 2, the enantiomer excess of the product formed 
drops to 57%. This is of course consistent with the explanation given in Fig. 3.20. 
The palladium catalysed reaction gives products of 97% e.e. under identical 
conditions ( Pd : (64) = 1:2). If AgBF4 is added to the mixture of [(r|3-C3H5)PtCl]4 
and (S)-PAN prior to the reaction the e.e. is diminished considerably. This effect 
has also been observed by other workers using palladium catalysts.111
The reactions discussed in tables 3.3 and 3.7 could be monitored by HPLC. The 
HPLC system that was set up allowed the detection of both enantiomers of product 
and starting material to be detected. Several samples that were taken prior to the 
consumption of all the starting material revealed that the enantioselectivity of the 
product is constant throughout the reaction, and that the e.e. of the starting material 
gradually increases as the reaction progresses and reaches 72% at 81% conversion. 
In other words one enantiomer of allylic acetate is being used up in preference to 
the other. This is also the case with the palladium / ligand (64) catalysts.
Using both the [(S)-PAN]PtCl2 / NaBH(OMe)3 and [(Ti3-C3H5)PtCl]4  / (S)-PAN 
catalyst systems, it is possible to obtain good enantioselectivity and good to 
excellent yields. The e.e.’s obtained are, however, slightly less than has been 
observed with palladium and ligand (64). It is not clear whether this is due to a 
very small amount of the reaction going through pathway (155) (in Fig. 3.20) even 
under the optimised conditions, or due to the increased temperatures required to 
obtain high conversion.
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In addition, some other difference between platinum and palladium may make 84- 
90 % e.e. the highest possible enantioselectivity for a platinum catalyst derived 
from ligand (64).
3.6 Platinum catalysed allylic substitution using other 
nucleophiles and substrates
With the enantioselective allylic alkylation reaction using (£)-PAN as ligand quite 
well understood, we examined the scope of platinum catalysed allylic substitution 
with respect to the nucleophile and substrates. The nitrogen nucleophiles 
potassium phthalimide and benzylamine were tested. The reaction using potassium 
phthalimide with (Ph3P)Pt-stilbene catalyst gave no product even after extended 
reaction times at 65 °C. The use of benzylamine as nucleophile, however, gave an 
excellent yield of known rac-(£)-N-benzyl-(l,3-diphenyl-2-propenyl)amine,113 
(157) after 16 hours at 20 °C (Fig. 3.25).
OAc
(112)
5 mol% (Ph3 P)2 Pt-stilbene
1.5 equiv. PhCH2 NH2  
THF, 20 °C, 16 hours
(157)
9 4  % yield
Fig. 3.25
Phenol could also be used as a nucleophile at room temperature when KF on 





1. 5 equiv. PhOH 
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A curious fact observed by one of my colleagues was that palladium catalysed 
nucleophilic substitutions using phenol as nucleophile and (S)-PAN as ligand always
palladium centre first, followed by unselective elimination of product, or Pd 
catalysed racemisation of the products (phenol is quite a good leaving group). As 
platinum is both more oxophobic and less reactive than palladium, we tried the 
above platinum catalysed reaction in the presence of (S)-PAN. The products, 
however, were racemic.
The platinum catalysts can be used with a number of other substrates. These are 
mainly discussed in Chapter 4. Here we note that the cyclic substrate, cyclohexenyl 
acetate, (159) reacts with sodium dimethylmalonate at room temp, with no 
problems to give the desired product, (160), (using either (Ph3P)2Pt-stilbene or 
[(C3H5)PtCl]4 / dppe as catalyst), whereas the more hindered l,l,3-triphenylprop-2- 
enyl acetate, (161) does not react with this nucleophile even after several days at 65
gave racemic products.114 A possible explanation for this might be attack at the
(160): X = CH(C02 Me) 2  





3.7. Enantioselective allylic alkylation using
(*S',S)-chiraphos as ligand
As we had found the combination dppe, (162)/ [(C3H5)PtCl]4 to be an active room 
temperature catalyst, we tested a combination of [(C3H5)PtCl]4 and (S,S)-chiraphos, 
(163) as catalyst for the standard alkylation of 1,3-diphenyl prop-2-enyl acetate, 
(112) with sodium dimethylmalonate. The pioneering research of Bosnich and co- 
workers showed that, for this particular substrate, high yields (100 % conversion.) 
but only 22 % e.e. could be obtained when [(chiraphos)Pd(C3H5)]+C104", (165) 
was used as catalyst for this reaction.115
We felt pretty confident that [(C3H5)PtCl]4 / («S,<S)-chiraphos would be an active 
room temperature catalyst that would probably only give low to moderate e.e. The 
results obtained were surprising (Table 3.8)
The reactions were slow at 20 °C and gave moderate conversion but with 95% e.e. 
After several attempts at carrying out the reaction at higher temperature, we still 
only observed fairly moderate conversion (in addition, e.e.’s were somewhat lower 
at 50-65°C). We also prepared complex (164) by the literature procedure,116 and 
used it as a catalyst in combination with NaBH(OMe)3 reducing agent. No products 
were observed at room temperature, while at reflux, conversion was still low (32 % 
conversion: 69 % e.e.).
Ph2 P P Ph2 
(162)
Ph2P P Ph2 
(163)













Conversion b e.e. (b,c)
1 5% [(C3H5)PtCl]4 20 72 39 95 (S)
2 5% [(C3H5)PtCl]4 56 67 57 74 (S)
3 5% (54)/ 65 60 32 69 (S)
10% NaBH(OMe)3
4 5% [(C3H5)PdCl]2 20 16 100 85 (S)
a: All reactions carried out in THF, using 1.7 equiv. NaCH(C02Me)2 as nucleophile 
b: Determined by HPLC using Daicel Chiralcel ® OD column (Hexane/ ’PrOH 99:1) 
c: Absolute configuration by comparison with known Pd catalysed products. 80
Comparing the structures of dppe and chiraphos, it is surprising that the platinum 
complexes formed from these ligands showed considerably different catalytic 
activity. As the excellent e.e. observed with platinum was in contrast to the 
palladium catalyst, (165), [(C3H5)PdCl]2 / (S',^-chiraphos was checked as a catalyst 
in the same reaction. Complete conversion into product with 85 % e.e. was 
observed. We later found a separate report describing similar e.e. using 
[(C3H5)PdCl]2 / (iS,iS)-chiraphos as catalyst.117 It is not clear what causes the 
difference between the Bosnich and co-workers low e.e.’s using (165) as catalyst 
and the two subsequent reports. On one hand, analytical error could be responsible. 
However, the systems that gave good e.e. both contain chloride ions. Halide ions 
have been known to have an effect on the outcome of allylic alkylation reactions,118 
but this would be a most dramatic example if a halide effect were at work here. To 
date, we have not investigated these intriguing differences further. It may also be of 
note that the platinum catalyst gave higher e.e. than palladium.
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In summary, we have developed a highly enantioselective platinum catalysed allylic 
alkylation reaction. Considerable experimentation eventually revealed that either 
[(iS)-PAN]PtCl2 / NaBH(OMe)3 or [(C3H5)PtCl]4 / (S>PAN catalyst systems would 
give high e.e., providing the ligand:metal ratio is not greater than one. Our catalytic 
experiments, along with an NMR study, have showed that ligand (64) is hemilabile 
when complexed to platinum (but not palladium). The catalysts derived from 
ligand (64) are considerably less active than those derived from triphenylphosphine. 
This is also a contrast to the palladium catalysed reaction. The crystal structures of 
the isoelectronic complexes [(iS)-PAN]MCl2 were obtained. These suggest that 
there are no marked differences in the conformation of the ligand when bound to 
the different metals. The platinum catalysed reaction was also extended to an “N” 
and an “O” nucleophile.
When using (iS,iS)-chiraphos as the ligand, excellent e.e.’s were observed, which 
was surprising in light of previous studies using palladium catalysts. Several 
intriguing differences in the co-ordination chemistry of platinum and palladium 
can be inferred from the experiments described in this chapter. In order to study 
and exploit the properties of platinum catalysts further, we next turned our 




Regioselectivity of Nucleophilic Attack in 
Platinum and Palladium Catalysed Allylic
Alkylation
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An issue which must be addressed in an allylic alkylation reaction is 
regioselectivity. As the reaction proceeds through an rj3- allyl complex, the 
nucleophile can potentially attack at any of the three allylic carbon atoms. In 
general, palladium catalysts show a preference for attack at one of the terminal 
allylic carbon atoms, and if there is a choice between attack at a primary, secondary 
or tertiary carbon, the nucleophile generally adds to the less substituted carbon 
atom. Attack at the middle carbon of a palladium allyl complex is sometimes 
observed particularly when a less stabilised nucleophile is used. We wished to find 
out more about the regioselectivity of nucleophilic attack in platinum catalysed 
allylic alkylation.
4.1 Nucleophilic attack at the central carbon atom
Less stabilised nucleophiles have been shown to attack at the central carbon of a
7c-allyl palladium complex and then to reductively eliminate cyclopropanes.119,120 
[(C3H5)PdCI]2
KHMDS, TMEDA CO






This reaction has attracted considerable attention from both an experimental and 
theoretical standpoint. Theoretical calculations initially predicted the process to be 
energetically unfavourable.121 Recent studies have lent insight into what factors 
cause nucleophilic attack on central (rather than terminal) carbon atoms.122,123
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When ketene silyl acetals react with palladium allyl complexes, a mixture of allylic
Interestingly, adding ketene silyl acetals to platinum allyl complexes proceeds with 
excellent regioselectivity, and stable platinacyclobutane complexes (171) can be 
isolated (Fig. 4.3).122,125
example of a highly stabilised nucleophile attacking at the central carbon atom.123 
A remarkable ligand effect was observed: If a palladium allyl complex of TMEDA 
or bipy was reacted with methyl diethyl malonate, complete selectivity towards 
compound (174) was observed. This compound arises from nucleophilic attack at 
the central carbon atom, followed by elimination of chloride to regenerate an allyl 
complex followed by attack at the terminal allylic carbon to give product. If
alkylation and cyclopropane products results (Fig. 4.2).122,124









[(C3 H5 )PtL2 l+ AcO - CfRiXMeJCO^e








Studies on the r| -2-chloro-propenyl palladium complex, (172) provides the first
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palladium complexes of phosphine, alkene, or sulfur ligand were used, the terminal 
carbon atom was attacked and product (175) was generated.
Theoretical calculations predicted that for a Frontier Molecular Orbital (FMO) 
controlled nucleophilic attack, TMEDA complexes favour central attack, whereas 
phosphine complexes give terminal attack. In particular, the two lowest 
unoccupied molecular orbitals swap in energy when the ligand is changed from 
TMEDA to PH3. It is thought that the energies of these orbitals determine the 
regioselectivity of attack. If the reaction has a charge control component, 
phosphine ligands predict a terminal attack. For TMEDA complexes the positive 
charge on the allyl ligand will be significantly less, and the reaction is more likely 
to be under FMO control. The theoretical calculations also predict that a less 
stabilised nucleophile will show a greater tendency for central attack. This also fits 
in with the experimental data.122,123
It has recently been shown that (Ph3P)4Pd catalyses a double substitution of 







L = TMEDA (174) / (175) = >99:<1 







3.0 equiv. NaOPh 
THF, 20 °C




The study which most caught my eye was reported in 1994." Ten mol% of 
(Ph3P)2Pt-ethylene catalyses the reaction of 2-chloroallyl acetate, (178) with 
stabilised nucleophile, methyl diethylmalonate to form product (174). If (Ph3P)4Pd 
was used as catalyst, the standard allylic alkylation product, (175) was observed 
(Fig. 4.6). Compound (175) is not converted into the doubly alkylated product, 
(174) under the reaction conditions, which suggests that central attack of the 
nucleophile is the initial step in the reaction.
4 equiv.













We felt that this reaction merited further study, as it is mechanistically interesting 
and because it might be of considerable potential for organic synthesis. As a 
starting point, we performed similar experiments to those of Murai et. a l 2-chloro 
allyl acetate was reacted with 3.5 equivalents of methyl dimethylmalonate in the 
presence of 5 mol% (Ph^P^Pt-stilbene at 20 °C (Fig. 4.7). It was pleasing to 
observe the desired double alkylation product, (179) which arises from initial 
central attack on the allyl platinum species. We could not isolate the desired 
product when we used either benzylamine or dimethyl malonate as nucleophile.
To investigate if a vinyl iodide would undergo a similar reaction, we prepared and 
tested compound (182). Formation of the known acetate, (182) by iodination, 
reduction and acetylation was straightforward and had previously been described
Me02C 
Me02C A
5 mol% (Ph3 P)2 Pt-stilbene
,C02Me
C 02Me
(178) THF, 20 °C, 48 hrs (179)
Nuc = NaC(Me)(C02 Me) 2  : 63 %
Nuc = NaCH(C02 Me) 2  : 0 % 




1:1 CCI4  / pyridine 
as solvent
(1) NaBH4l CeCI3 .7H20  
MeOH, 0 °C, 4 hrs
(2) Et3 N, AC20, DMAP 
DCM, 0 °C, 4 hrs(180) (181) (182)
Fig. 4.8
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Unfortunately, compound (182) is unreactive in allylic alkylation reactions using 
methyl dimethylmalonate and no double or single substitution products were 
formed (Fig. 4.10). A possible reason for the failure of the reactions was the vinyl 
iodide functionality oxidatively adding to the zerovalent platinum species before 
the allylic acetate could. This would generate an unreactive vinyl-platinum 
complex. Another explanation is that relatively low (w.r.t. chloride) 
electronegativity of iodide did not activate the central carbon to attack by the 
nucleophile (although we might expect to see conventional terminal substitution 
products in this case). Whatever was going wrong, it seemed worth trying out some 
vinyl bromides in the reaction, as the central carbon should be more activated to 
nucleophilic attack, and less likely to form unreactive vinyl-platinum species than 
iodide, (182). Bromination of cyclohexenone129 was straightforward and gave a 
good yield of ketone (183). Luche reduction, followed by acetylation gave the 
desired acetate (185) (Fig. 4.9).
0 O (1) NaBH4, CeCI3 .7H20  
MeOH, 0 °C, 4 hrs
OH
Br
(180) (183) 61 % (184) 82%
0







(182), X = I 





THF, 20 °C, 70 hrs
C 02Me 
C 0 2 M©
g o 2 m©
C02Me
C 0 2 Ms
C 0 2 M©
(186) (187)
Fig. 4.10
Frustratingly, this compound was also unreactive in platinum catalysed allylic 
alkylation (Fig. 4.10). In fact, the only product isolated was alcohol (184). As a 
last attempt, we prepared acetate (190) by addition of phenyl magnesium bromide 
to a-bromo-cinnamaldehyde, followed by acetylation of the alcohol, (189). Yet 
again, no double substitution products were observed when acetate (190) was 
subjected to our standard alkylation procedure (Fig. 4.11). Alcohol (189) was 
isolated.
O
P h ' ^  'H  
Br
(188)
xs. PhMgBr s Et3 N, AcsO, DMAP
 ► ---------------------------
THF, 0 °C, 2 hrs Br DCM, 0 °C, 4 hrs
(189)














My time in the lab was by now coming to an end, and we abandoned this work at 
this point. In conclusion, we attempted to develop a platinum catalysed double 
substitution reaction. Our results suggest the process is very limited in terms of 
nucleophile and substrate.
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4.2 Controlling regioselectivity of nucleophilic attack on an 
unsymmetrical allyl complex
A more common and equally challenging regiochemical problem is how to control 
the site of attack when the reaction proceeds through an unsymmetrical 
intermediate. When a mono-substituted allylic acetate is used as substrate, 
palladium catalysts normally give a mixture of isomers with a strong tendency to 
form the linear product. A few ligands, however, have recently been shown to 
reverse this regioselectivity. For example, when cinnamyl acetate is alkylated using 
sodium dimethylmalonate, most ligands give mainly linear products. Pfaltz and 
co-workers developed ligand (191) which can reverse this bias.130 The “MOP” 
ligand, (192) has also been shown to reverse the regiochemistry of these 
reactions.131 Other studies have shown that most readily available ligands give 
predominantly linear products in palladium catalysed allylic alkylation reactions.
Recently, the most promising studies have used other metals as catalysts. As 
discussed in Chapter 3, Ir, Rh, Ru, and Mo catalysts can all give predominantly 
branched products under the right conditions. As both Brown and Kurosawa had 
used platinum catalysts to alkylate butenyl acetate with better regioselectivity than 
with palladium, we elected to study regioselectivity in platinum catalysed allylic 




Using 5 mol% (Ph3P)2Pt-stilbene as catalyst, and cinnamyl acetate, (193) as
substrate, a high yield of the two regioisomers, (129) and (130) was obtained. The
branched: linear ratio is similar to a related palladium catalyst (Fig. 4.13).
5 mol% catalyst CH(C02 Me) 2  ^
P h '^ ^ ^ O A c  ------------------------► P h '" ^ *  P P v' ' ' X H ( C 0 2Me)2
1.7equiv. #<lom
(193) NaCH(C02 Me) 2  *129) ( J
(Ph3 P)2 Pt-stilbene cat.: (12S) / (130) = 18 : 82 
[(C3 H5 )Pd(PPh3 ) 2  ]CI cat.: (129) /(130) = 13: 87
Fig. 4.13
The unsymmetrically substituted acetate, (194) can give compounds (195) and 
(196) as products. There is generally a good preference for compound (195), 
probably because this product has a more electron withdrawing double bond which 
can stabilise the intermediate palladium (0) olefin complex. It has been found that 
when acetate (194) is alkylated using [(C3H5)PdCl]2 / dppe, the two regioisomers, 
(195) and (196) are formed in a ratio of 10.5:l .132 When sparteine is used as ligand, 
the regioisomers form in a ratio of 4.8 :1.133 We obtained slightly improved 
selectivity when a combination of [(C3H5)PtCl]4 and dppe was used a catalyst, 
[(195) / (196) = 15:1] (Fig. 4.14).
1.25 mol% [(C3 H5 )PtCI]4  
OAc 5 mol% dppe CH(C02 Me) 2  CH(C02 Me) 2
a A u ♦Pl/ ^ 7  Me 1 7  eqv. NaCH(C02 Me) 2  Ph V  Me + Ph v  Me 
(194) (195) (196)
[(C3 H5 )PtCI]4 /dppe: (195)/(196) = 15:1 
combined yield = 92 %
Fig. 4.14
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We tested the platinum catalysts in the alkylation of but-2-enyl acetate, (125) (Fig. 
4.15). The results are shown in Table 4.1. When the platinum catalysts contain 
either PPh3 or (S)-PAN as ligand, regioselectivity was poor, although there is a 
greater proportion of branched products when compared to palladium.
OAc cat. [(C3 H5 )MCI]x CH(C02 Me) 2
% /^ M e  5  mol% ligand N s s / IVIe + MejjJSs//^CH(C0 2 Me) 2
(125) 1 5 eqv. NaCH(C02 Me) 2  (12g) ^ 27)
Fig. 4.15
Of particular interest is entry (5): The use of bulky, electron rich 
tricyclohexylphosphine as ligand gives almost exclusive formation of branched 
products ( (126) / (127) =15:1) Surprisingly, the palladium catalysed reaction also 
gives excellent regioselectivity when this ligand is used (entry 6).
Table 4.1 Regioselectivity in the alkylation of
but-2-enyl acetate, (125) using a variety of platinum and palladium catalysts
Entry Catalyst(a) (19)/(20)(b)
1 (Ph3P)2Pt-stilbene 2.1 : 1
2 [Pd(n3c 4H7)ci(PPh3)2] (c) 1 :2.0
3 [(S)d>AN ]/[(C 3H5)PtCl]4 1.0: 1
4 [(S)-PAN ]/[(C 3H5)PdCl]2 1: 1.9
5 Cy3P /[(C 3H5)PtCl]4 15 : 1
6 Cy3P /[(C 3H5)PdCl]2 11 :1
a: Reactions were run at 20 °C in THF using 1.5 equiv. NaCH(C02Me)2 as nucleophile except 
entry 3 (THF, 65°C). In all cases conversion was 100 %. The E/Z ratio was not accurately 
determined, but in all cases the linear products were almost predominantly o f E  configuration, 
b: determined by G.C. and confirmed by *H NMR 
c: Reference 97
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The same trends were observed when using hexenyl acetate, (197) (Fig. 4.16 & 
Table 4.2). However, in this case, there was a greater tendency for linear products 
to form. Only the platinum / tricyclohexylphosphine catalyst gives really good 
regioselectivity (c. 10:1) towards branched product, (198). The use of (S)-PAN as 
ligand gives excellent regioselectivity towards the linear product.
OAc cat. [(C3 H5 )MCI]x CH(C02 Me) 2
^ n pr 5  mol% ligand ^ " P r  + (Me0 2 C)2 HCA ^ " Pr
(197) Na5 CeH(C02 Me) 2  <198> <199>
Fig. 4.16
Table 4.2 Regioselectivity in the alkylation of hex-2-enyl acetate, (197) 
using platinum and palladium catalysts
Entry Catalyst(a) (198)/(199) w E / Z for (199)(b)
1 (Ph3P)2Pt-stilbene 1:1.8 10:1
2 Ph3P /[(C 3H5)PdCl]2 1:4.1 10:1
3 [(<S)-PAN] / [(C3H5)PtCl]4 1:7.2 6:1
4 [(<S)-PAN] / [(C3H5)PdCl]2 1: 13.1 9:1
5 Cy3P / [(C3H5)PtCl]4 9.8:1 10:1
6 Cy3P /[(C 3H5)PdCl]2 3.1:1 6:1
a: Reactions were run in THF at 20°C using 1.5 equiv. o f NaCH(C02Me)2 as nucleophile (except 
entry 3: THF, 65°C). In all cases conversion was 100 %. 
b: determined by G.C. and confirmed by JH NMR
On some occasions, a small by-product could be detected by T.L.C. We isolated a 
small amount of this product and characterised it as diallylated product (200) by !H 
NMR and mass spectroscopy (Fig 4.17).
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The !H NMR suggests there are at least two isomers present, as there are two 
almost identical signals for several of the proton resonances.
/  v y  ' C E /Z  ~  4:1
(C02M6)2
(200)
Fig. 4.17 Small amounts of diallylated product, (200) were sometimes observed
Kurosawa proposed that platinum catalysts give more branched product than 
palladium as a result of increased stability of the initial zerovalent platinum alkene 
product (platinum is a stronger rc-donor than palladium). The branched products 
contain a more electron poor double bond, and are therefore favoured for platinum. 
Our results fit in with this hypothesis.
4.3 The use of tricyclohexylphosphine to obtain regioselectivity on 
palladium catalysed allylic alkylation
The results obtained using tricyclohexylphosphine as ligand are surprising. As good 
regioselectivity was observed with both platinum and (the normally preferred) 
palladium catalysts, it seemed important to study the ligand effect further, with 
respect to both its origin, and its synthetic potential. It is possible that the 
regioselectivity observed is a direct result of the basicity or bulkiness of a ligand. If 
this were the case, then other ligands would show this effect. Another possibility is 
that the specific shape of Cy3P is such that only one ligand binds onto the 
palladium, with the other co-ordination site being taken up by chloride or acetate. 
An explanation similar to this has been suggested as the origin of the unusual
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regioselectivity observed with the “MOP” ligand, (192). To investigate if the 
regioselectivity was a general property of bulky, basic ligands, regiochemistry in the 
palladium catalysed alkylation of but-2-enyl acetate, (125) with sodium 
dimethylmalonate (Fig. 4.15) with a variety of ligands was studied, (selected results 
are shown in Table 4.3).
Table 4.3. Effect of ligand on the regioselectivity of allylic alkylation of (125)
Ligand(a) (126)/(127) 00 E /Z fo r  
(127)<c)
Tricyclohexylphosphine, Cy3P 11.5:1 not detectable
Tricyclohexylphosphine Cy3P [(C3H5)PtCl]4 catalyst 15.4:1 not detectable
Ph3P (d) 1:2.0 N /A
Ph3P (Ph3P)2Pt-stilbene as catalyst 2.1:1 4.6:1
tris(2,4,6-trimethoxyphenyl)phosphine, 1:3.9 5.5:1
[(CH30 )3C6H2]3P
tri-o-tolylphosphine, (CH3C6H4)3P 1:1.5 5.5:1
methyldiphenyl phosphine 1:1.3 4.7:1
tri-(4-methoxyphenyl)phosphine, (CH3OC6H4)3P 1:1.2 5.7:1




1,4-bis(diphenylphosphino)butane (dppb) 1:1.1 4.5:1
1,2-bis(diphenylphosphino)ethane (dppe) 1:1.4 6.4:1
a: all reactions run using 2.5 mol% [(C3H5)PdCl]2 catalyst, 1.5 equiv. NaCH(C02Me)2 nucleophile, 
THF solvent at 20 °C unless stated. In all cases conversion was 100 % as determined by G.C. 
b: determined by G.C. and checked by NMR 
c: determined by G.C. 
d: taken from reference 97
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Tricyclohexylphosphine is a bulky and strongly electron donating phosphine. This 
is quantified by its large cone angle (0 =170°)134 and the large pKa value of its 
conjugate acid (pKa = 9.70). This can be compared with PPh3 (0 = 145 °, 
pKa = 2.73).135 The ligands in Table 4.3 were chosen as they share some 
characteristics with Cy3P, and can therefore be used to ascertain whether the 
regioselectivity observed is a property of a general class of ligands. 
Tris-(2,4,6-trimethoxyphenyl)phosphine 136 is both more bulky and basic (0 = 184°, 
pKa = 11.02) than Cy3P, but gives opposite regioselectivity to the Cy3P / Pd 
catalysed reactions. Tri-o-tolylphosphine is one of the most bulky phosphines (0 = 
194°, pKa = 3.08) and also gives predominantly linear products, again in contrast to 
the tricyclohexylphosphine system. Tris-(4-methoxyphenyl) and tris-(4- 
fluorophenyl) phosphines are informative as they have a similar cone angle (0 
=145°) but different basicities (pKa’s = 4.57 and 1.97 respectively).135 It can be 
concluded that there is no direct trend between basicity or cone angle and the 
proportion of branched products observed for this particular reaction. The 
formation of predominantly linear products with a wide range of ligands has been 
observed for other substrates by other workers.137
To see if only one ligand was binding the palladium during reaction, a simple NMR 
experiment was carried out. Adding Cy3P to [(C3H5)PdCl]2 (ligand to m etal: 2:1) 
generated a mixture of two complexes. 31P NMR revealed that there is no free Cy3P 
remaining in the solution. This suggested that the allyl intermediates do contain 
two Cy3P ligands. Further evidence comes from the literature reports of the 
compounds [(PCy3)2Pt(C3H5)]X (X = -OAc, -BF4)124 and [(PCy^PdtCjHjXIBF,,.138
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It is also known that the presence of chloride can have a significant effect on 
regioselectivity of allylic alkylation.318 To investigate the effect of chloride on the 
Pd / PCy3 catalysed reactions, [(PCy3)2Pd(C3H5)]BF4 , (201) was prepared by the 
literature route,138 and tested as a catalyst for allylic alkylation of but-2-enyl acetate 
with sodium dimethylmalonate. The regioselectivity in this reaction was very 
similar to that found using the chloride containing catalyst [(C3H5)PdCl]2  / PCy3 
(Fig. 4.18). The reaction outcome is therfore not significantly affected by chloride
ions.
— I + b f4-
Cy3 P'r.JP Cy3 Pd
cat. I
OAc (201) CH(C02 Me) 2
^ M e ^  ^ M e  + MejJ^ / ^CH(C02Me)2
1.5 eqv. NaCH(C02 Me) 2 __________ ____
(125) (126) (127)
(126)/(127) = 14:1
Fig. 4.18 Using the halide free palladium catalyst (200) gives similar 
regioselectivity to [(C3H5)PdCl]2 / PCy3 catalyst
It appeared at this stage that the unusual selectivity towards products containing a 
terminal double bond is not a result of the strong 7c-donor capacity of the (Cy3P)2M 
fragments. It was suggested to us that the results obtained may be due to a strong 
“memory effect” 139 when Cy3P was used as ligand (ie. the product is the same 
regioisomer as the starting material). To test this theory, the regioisomeric allylic 
acetates (202) and (203) were tested (Fig. 4.19).
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The regioselectivity was altered (from 11.5:1 to 1.3:1 for (202) and from 3.1:1 to 
1:8.8 for (203)), and much greater proportions of linear products (from linear 
starting material) was observed. This is good evidence that a partial memory effect 
is associated with this ligand.
(126)/(127) = 1.3: 1 (198)/(199) = 1 : 8 . 8
Fig. 4.19 Use of tricyclohexylphosphine-palladium catalyst gives different 
regioselectivity if linear allylic acetates are employed as substrates
We have also looked at the use of tricyclohexylphosphine-palladium catalysts in the 
allylic alkylation of commercially available c/s-1,4-diacetoxy-2-butene, (204). 
Allylic substitution on derivatives of diacetate (204) have previously yielded linear 
isomers.140 Compound (204) has also been utilised in palladium catalysed 
heterocycle synthesis.141 When compound (204) was alkylated with 1.02 
equivalents of sodium dimethylmalonate using triphenylphosphine as ligand, 
predominantly linear products were observed (in addition to small amounts of by­
products).
Switching ligand to Cy3P gave a dramatic reversal of regiochemistry (B/L = 3.4:l) 
Pure branched isomer was isolated by column chromatography, albeit in only 39 % 
yield, due to the similar RF of branched and linear products. This result does not fit 
in with the memory effect explanation as the starting material was linear.
R ^ ^ ^ O A c  ---------------------
10 mol% Cy3P
9 *; mni% n r - H 5)PdCI]2 CH(C02 Me) 2
CH(C02 Me) 2
(202) R = Me 1 5  eclv- NaCH(C02 Me) 2
(203) R = nPr
(126) R = Me (127) R = Me





1.02 eqv. N aCH(C02Me)2
CH(C02Me)2 AcO- 
\A ^ O A c  
(205) (206)
-CH(C02Me)2
Ligand (205)/(206) E/ Z  for(206)
PPh3 8 /9 2 1 .8 :1
PCy3 7 7 :2 3 2.2:1
Fig. 4.20
We also re-examined allylic alkylation of acetate (194). We were pleased to 
discover that when Cy3P / [(C3H5)PdCl] 2 is used as catalyst, acetate (194) can be 
alkylated with complete retention of regiochemistry (Fig. 4.21). [(196) was not 
detected in the crude reaction product.]
2.5 mol% [(C3H5 )PdCI] 2  
OAc 1 0 mol% Cy3P CH(C02 Me) 2





Ph' ^  Me
Most of the results we have obtained using tricyclohexylphosphine - palladium 
catalysts suggest that the intermediate allyl complexes formed direct the 
nucleophile to the allylic carbon atom which was previously substituted by the 
acetate leaving group. While we have no definitive explanantion for this, the work 
of Mealli and Musco and their co-workers may be significant. 122 They described 
the NMR spectral properties of [(PPh3)2Pt(allyl)]X (X = BF4, ' OAc) as being
■j
identical (at low temperature where static ri -allyl complexes are present).
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For the compounds [(Cy3P)2Pt(allyl)]X, (X = "BF4, ' OAc) they observed 
significantly different NMR spectra on changing between counter ions. This was 
proposed to be evidence that the acetate leaving group was still intimately involved 
with the allyl complex cation. It seems feasible that the reactions described here 
proceed through similar allyl complexes in which the acetate ion is not a simple 
“spectator” leaving group. It is difficult to explain the result obtained using cis- 
l,4-diacetoxy-2-butene, (204) as substrate, as a linear starting material was 
converted into a predominantly branched product providing tricyclohexylphosphine 
was used as the ligand. Although we have no evidence for this, one possible 
explanation is that acetate, (204) is not reactive under the reaction conditions, but 
undergoes equilibration via palladium catalysed rearrangement to a mixture of
(204), and the branched regioisomer, CH2=CHCH(OAc)CH2OAc . This acetate 
could then undergo palladium catalysed allylic alkylation with some retention of 
regiochemistry.
Another possible explanation for the results we have obtained arises from 
observations made on the structure of [(Cy3P)2Pt(C3H5)]PF6. NMR spectroscopic 
evidence suggested that each side of the allyl ligand is non-equivalent. This was 
proposed to be a result of the bulky PCy3 ligands intermeshing in such a way that 
one ligand severely interacts with the allyl moiety, while the other does not. 142 If 
this were the case, the terminal allylic acetates would perhaps only bind with the 
least substituted end of the double bond cis to the “large” groups presented by one 
ligand.
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If oxidative addition afforded an allyl complex that was attacked by the nucleophile 
more quickly than it could equilibrate, then a predominantly branched product may 
be expected from branched allylic acetates.
In summary, we attempted to develop a platinum catalysed double alkylation 
procedure, but discovered that the process was less straightforward, and less 
general, than we had envisaged. The effect of changing metal catalyst from 
palladium to platinum in the alkylation of four different unsymmetrical allylic 
acetates was also determined. The platinum catalysts generally show slightly 
improved selectivity towards products containing more electron poor double bonds 
than is observed with otherwise identical palladium catalysts. These studies led us 
to discover that a combination of tricyclohexylphosphine and [(C3H5)MC1]X (M =
Pt, X = 4, M = Pd, X = 2) can give excellent regioselectivity in alkylations that 
proceed through unsymmetrical intermediates. Experiments that were designed to 
shed some light on the origin of this unusual effect have suggested that the reactions 
might proceed via [(Cy3P)2Mallyl]+ AcO- complexes in which the acetate remains 
intimately involved with the allyl ligand. These catalysts could uncover further 
nuances in the mechanism of allylic alkylation, and allow synthetic chemists to 






Commercially available reagents were used throughout without any purification. 
Unless stated all reactions were carried out under an atmosphere of nitrogen, while 
all work up and purification procedures were carried out in air. Solvents for 
reactions were of HPLC grade, whereas during work-up and purification, standard 
grade solvents were used. Where a solvent is described as dry, the standard grade 
solvent was distilled from an appropriate drying agent and stored under nitrogen 
over molecular sieves. Thin layer chromatography was carried out using 
aluminium backed plates coated with Merck Kieselgel 60 GF 254. Plates were 
visualised using U. V. light and / or permanganate dip. Flash chromatography was 
carried out using Merck Kieselgel 60H silica. Pressure was applied via hand 
bellows. Optical rotations were measured using an Optical activity AA10 
automatic polarimeter, and are measured in 10' 1 deg cm2 g'1. Infra red spectra were 
recorded as Nujol mulls on a Nicolet FTIR spectrometer with Phillips 7CM 3209 
processor. Melting points were measured on a Gallenkamp single stage apparatus, 
and are uncorrected. Elemental analyses were conducted on a Carbo Erba 
Stametazione EA1506 analyser. 1 H, 13 C ,31P and 195Pt NMR spectra were 
recorded using a Jeol GX400 instrument. Crystal stuctures were obtained using a 
CAD 4 automatic 4 circle diffractometer. Metal complexes of (4S)-2-(2- 
Diphenylphosphinophenyl)-4-isopropyl-l,3-oxazoline are listed using the 
abbreviation, (S)-PAN.
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The following compounds were purchased and used as received unless stated:
(other routine chemicals not mentioned here were also purchased and used as 
received)
Potassium tetrachloroplatinate (II) (Aldrich), platinum (II) chloride (Aldrich), 
silver(I) tetrafluoroborate (Aldrich), tin(II) dichloride (Aldrich), silver(I) triflate 
(Aldrich), acetyl chloride (Aldrich), ethyl diazoacetate (Aldrich), hydrogen 
peroxide (35 % solution) (Merck), 1-octene (Aldrich), TV-a-diphenylNitrone 
(Lancaster), styrene (Lancaster), JV-benzylidenebenzylamine (Aldrich), methyl 
isocyanoacetate (Aldrich), benzaldehyde (Aldrich), di-isopropylethyl amine 
(Aldrich, distilled), triethylamine (Merck, distilled) acrylonitrile (Merck), 2-chloro- 
acrylonitrile (Aldrich), dicyclopentadiene (Aldrich)
methyl vinyl ketone (Aldrich), ethyl cyanoacetate (Aldrich), trifluoroacetyl chloride 
(Aldrich)
All of the phosphine ligands (Aldrich) except (S)-PAN 
trifluoromethyl bromide (Aldrich), trimethylsilyltrifluoromethane (Lancaster), 
tetrabutyl ammonium bromide (Aldrich), (ethylene)-bis-triphenylphosphine- 
platinum(O) (Aldrich), dimethyl malonate (Aldrich), methyl dimethylmalonate 
(Aldrich), sodium (trimethoxy)-borohydride (Aldrich), /nms-stilbene (Aldrich, 
benzylamine (Aldrich), phenol (recrystallised) (Aldrich), (R,R)-chiraphos (Aldrich), 
cyclohexen-2-ol (Aldrich), 2-chloroallyl acetate (Aldrich), cinnamyl acetate 
(Aldrich), 3-buten-2-ol (Aldrich), l-hexen-3-ol (Aldrich), fr*tf7M-2 -hexenyl acetate 
(Lancaster), cis-1 ,4-diacetoxybut-2-ene (Aldrich), cyclohexenone (Aldrich), a- 
bromo-cinnamldehyde (Acros)
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The following compounds were prepared by literature procedures.
(45)-2-(2-Diphenylphosphinophenyl)-4-isopropyl-l,3-oxazoline 80
Ph2  P N—/
(64)
cis-Bis(triphenylphosphme) platinum(II) dichloride 143
Ph3 Pv ,P P h 3  
Ptcr "ci
m-Bis(triphenylphosphine)-trichlorostannyl-(chIoro)-platinum (II) 56
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A 50 ml round bottom flask was charged with potassium tetrachloroplatinate (0.300 
g, 0.723 mmol) and (4S)-2-(2-diphenylphosphinophenyl)-4-isopropyl-l,3-oxazoline 
(0.268 g, 0.716 mmol) and a magnetic stirring bead. The flask was then fitted with 
a reflux condensor equipped with a rubber septum and flushed with nitrogen. Dry 
acetonitrile (15ml) was then added using a syringe, and the suspension was heated 
under reflux for six hours, by which time the potassium tetrachloroplatinate had 
disappeared. The reaction was then left to stir overnight. At the end of this period 
the solvent was reduced to 1 ml in vacuo and ether added to yield a pale yellow, air 
stable precipitate containing two compounds, (6 6 ) and (67). 31P NMR (161.7 
MHz; CDC13 ) 6(67): 5.8,1J P.Pt=3410 Hz; (6 6 ): 0.51,1 J P.pt=3722 Hz; 195PtNMR 
(161. 7 MHz, CDCI3 ) 5 (67): -4200, br t, V p  =3410-3425 Hz; (6 6 ): -3550, br, 
din, i>t-p=3660- 3700Hz. These two compounds are separated from each other 
by flash chromatography using 99%DCM / l%MeOH as eluent (Rf (6 6 )~ 0.35; Rf
(67) ~ 0.05). The desired product is that which comes off the column first. (Yield: 
0.371 g, 0.58 mmol, 81 %). Recrystallisation from chloroform/toluene gives yellow 
prisms suitable for X- ray diffraction. (Found: C, 44.7; H, 3.69; N, 2.13. 
C24H24Cl2NOPPt requires: C, 45.05; H, 3.75; N,2.19). M.p>250°C. [a ] D 20 = 
+183.8 (c = 1.9, CHCI3); iw /cm ’11622,1103, 954, 929,752. 31PNMR (161.7 
MHz, CDCI3) 6  0.51 (]J P.pt=3722 Hz);
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195Pt NMR (161.7 MHz; CDC13)8: -3550 ( br, dm, 'jpt.p =3660 Hz); 'HNMR(400 
MHz; CDC13)6: 0.13 (3H, d, 3J = 7.0 Hz, CH3), 0.83 (3H, d, 3J= 7.0 Hz, CH3), 
2.72-2.78, (1H, m, CH(CH3>2), 4.46-4.51 (2H, m, CH20), 5.78 (1H, m, CHN), 




A solution of [(S)-PAN]PtCl2 in CDC13 (0.040 g, 0.063 mmol in 0.6 ml CDC13) was 
added to vial containing (4S)-2-(2-diphenylphosphinophenyl)-4-isopropyl-l,3- 
oxazoline (0.023g, 0.063 mmol). The vial was shaken until a solution was 
obtained, which was added to an NMR tube for NMR analysis. Evaporation of 
solvent gives a yellow powder which is brighter in colour than the starting material. 
(Yield: 0. 62g, 0.063 mmol, 100%). 31PNMR (161.7MHz; CDC13 )5: 5.8,'jp.p, 
=3410 Hz; 195Pt NMR (161. 7 MHz, CDC13) S: -4200, br t, V p  =3410-3425 Hz; 
]H NMR (400 MHz, CDC13) 6 : 0.01 (3H, d, 3J = 6.7 Hz, CH3), 0.76 (3H, d, 3J= 6.7 
Hz, CH3), 1.80, (lH ,m , CH(CH3)2), 4.37 (1H, dd, app., 3J = 10.0,3.5 Hz,





A solution of vacuum dried tin dichloride (0.040 g, 0.21 mmol) in dry acetone 
(4 ml) was added via syringe to a stirred solution of [(*S)-PAN]PtCl2, (0.134 g, 0.21 
mmol) in dry DCM (5 ml). This was then stirred overnight. The resultant orange 
precipitate was then filtered off, dissolved in DCM, filtered and dried in vacuo to 
give the desired product. Yield: 0.162g, 0.196 mmol, 94 %. (Found: C, 34.90; H, 
3.16; N, 1.62; Cz^CUNOPPtSn requires: C, 34.75; H, 2.90; N, 1.69). tw /c m '1: 
1630,1251. 31P NMR (161.7 MHz; CDC13) 8:4.27 (1JP.Pt=3541 Hz, 2JP.S„=156 
Hz). *H NMR (400 MHz; CDC13) 8 : -0.05 (3H, d, 3J = 7 Hz, CH3), 0.70 (3H,d, 
3J=7 H z, CH3), 2.25 (1H, m, CH(CH3)2), 4.45 (2H,m,CH 20), 5.50 (lH ,m , 
CHN), 6.85 (1H, dd, 3J=11.9,7.63 Hz, ArH), 7.28-7.7 (12H, m, ArH), 8.12 (1H, 
dd, 3J=7.5,3.8 Hz).
Diphenyl (1,5-cyclo-octadiene) platinum (H), (73)
This was prepared by a slight modification to the literature procedure.573 
Phenylmagnesium bromide, (2.8 ml of a 3M solution in toluene, 7 mmol) was 
transferred via a syringe into a suspension of cyclo-octadiene-diiodo-platinum (II), 
(0.98 g, 1.76 mmol) in dry toluene, (17 ml ). The bright yellow suspension went
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brown instantly. This mixture was stirred at room temperature for 30 minutes, then 
neutralised with 0.6 g of ammonium chloride in 10 ml of ice cold water. The 
organic layer was separated, with the aqueous layer being extracted a further two 
times with toluene. Organic extracts were combined, dried with sodium sulphate, 
and decolourised with charcoal. Solvent was then removed in vacuo. The white 
precipitate was purified by flash chromatography on silica (pre-treated with 
triethylamine) using 20% ether/ 80% petrol ether (40 / 60) as eluent (Rf (73) -0 .5 ; 
Rf (impurity)- 0.2) . Yield: 0.683 g, 1.49 mmol, 85 %. (Found: C, 51.8; H, 4.97; 
C2oHigPt requires: C, 52.5; H, 4.81)
[(5>PAN] PtMe2, ( 74 )
A solution of ligand (64) (196 mg, 0.584 mmol) in dry toluene ( 6  ml) was slowly 
added over six hours to a stirred solution of dimethyl (1,5-cyclooctadiene) platinum 
(II) (218 mg, 0.584 mmol) in dry toluene ( 6  ml) at 50 °C. The reaction was stirred 
at 50 °C for a further 10 hours after addition was complete. The reaction was then 
cooled to room temperature. The solvent, and most of the 1,5-cyclooctadiene was 
removed in vacuo at 40 °C. The yellow crystals that formed were washed with cold 
absolute EtOH, (2x4  ml) using a syringe. The washed crystals were dissolved in 




(Found: C, 52.19; H,5.03; N,2.16. C26H30NOPPt requires: C, 52.17; H,5.05; N, 
2.34). [a ] D 20 = +143.1 (c=  1.16,CHC13) O c m ' 1 1622,1435, 1366,1237,1105, 
1098,1055,747,695. 31PNMR (161.7MHz; CDC13) 6 : 21.29, 'jp.p,=1972 Hz; 'H 
NMR (400 MHz; CDC13) 5: 0.04 (3H, d, 3J=7.0 Hz, CH(CH3)2), 0.51 (3H, d, 3JH. 
P=7.6 Hz, 2JH-pt=87.14 Hz, CH3-Pt-N), 0.61 (3H, d, 3JH-p=7.6 Hz, 2JH-pt=6 8 .1 Hz, 
CH3-Pt-P), 0.82, (3H, d, 3J=7.3 Hz, CH(CH3)2), 2.5 (1H, m, CH(CH3)2), 4.24 (2H, 
m, CH20), 4.88 (1H, m, CHN), 6.9-8.0, (14 H, m, ArH).
[(5)-PAN] PtPh2, (75)
‘  -P* i  Ph 'P h /^ —
(75)
To a stirred solution of diphenyl (1,5-cyclo-octadiene) platinum (II), (0.609 g, 1.33 
mmol) in dry toluene (40 ml) was added a toluene solution of (4S)-2-(2- 
diphenylphosphinophenyl)-4-isopropyl-l,3-oxazoline, (0.493 g, 1.32 mmol in 9.2 
ml solvent) over a period of twelve hours {via a syringe pump). This was left 
stirring overnight to yield a clear yellow solution. Solvent was removed in vacuo to 
give a yellow slurry. This was then dissolved in the minimum amount of DCM. 
Petroleum ether (60/80) was added until the solution started to go cloudy. This was 
left to crystallise into yellow prisms suitable for a crystal structure determination. 
Yield: 617 mg, 0.854 mmol, 65%. (Found: C, 59.6; H, 4.76; N, 1.92; C s^ N O P P t 
requires: C, 59.8; H.4.74; N, 1.94). [a ] D 20 =+22.6 (c = 2.35, CHC13);
1 1 2
m.p. =215 °C (decomp.); Omax/cm"1 3046,1634,1570,1248,1097,1055,1024, 
955,739,694. 31PN M R(161.7 MHz; CDC13) 6 : 18.23 1 Jp .^  1849 Hz; ]HNMR 
(400 MHz; CDC13) 6 : 0.27 (3H, d, 3J= 7.0 Hz, CH3), 0.71 (3H, d, 3J= 7.0 Hz, 
CH3), 2.65 (1H, m, CH(CH3)2), 4.20 (1H, m, CHN), 4.40 (2H, m, CH20), 6.75 
(3H, m, ArH), 7.10 (1H, m, ArH), 72-7.9 (17H, m, ArH), 8.05 (2H, m, ArH),
8.35 (1H, m, ArH).
[(5)-PAN] Pt(Me)Cl, (76)
(76 )
To a stirred solution of [(*S)-PAN] PtMe2, (74), (0.320 g, 0.535 mmol) in dry 
methanol (2.3 ml) and dry DCM (3.5 ml) was added acetyl chloride (0.040 ml,
0.044 g, 0.562 mmol). This was stirred for two hours. The volume of solvent was 
then reduced to c. 0.3 ml in vacuo. The yellow precipitate was washed with hexane 
(2x1 ml) and collected using a Buchner funnel. This powder was then dissolved in 
DCM and filtered. Solvent was then removed from the filtrate, and the yellow 
powder dried in vacuo to give the desired product. (Yield: 0.268 g, 0.433 mmol, 81 
%). Recrystallisation from DCM/ petroleum ether gave crystals suitable for X-ray 
diffraction. These single crystals contained some residual petroleum, as revealed 
by analysis and the X-ray study. (Found: C, 45.7; H, 4.21; N, 2.14. 
C25H27ClNOPPt requires: C, 48.51; H, 4.40; N, 2.26). A week later these crystals 
collapsed to a yellow powder, which was almost analytically pure. (Found: C, 47.9;
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H, 4.35; N, 2.24); [a ] D20 = +123; u „ /c m ‘': 1733, 1628,1242,1100,953,730, 
696. 31P NMR (161.7 MHz; CDC13) 5: 12.71, 4703 Hz. ]H NMR (400
MHz; CDCI3) S; 0.07 (3H, d, 3J= 6.7 Hz, CH(CH3)2), 0.52 (3H, d, 3JH-p=3.4 Hz, 
2JH.pt=72.6 Hz, CH3-Pt-N), 0.83 (3H, d, 3J= 7.3 Hz, CH(CH3)2), 2.74 (1H, m, 
CH(CH3)2), 4.45 (2H, m, CH20), 5.50 (1H, m, CHN), 7.0-8.3 (14H, m, ArH).
[(5)-PAN] Pt(Ph)Cl, (77)
(77)
To a stirred solution ofI(S)-PAN] PtPh2, (75), (0.178 g, 0.246 mmol) in dry 
methanol (1.3 ml) and dry DCM (2.5 ml) was added acetyl chloride (0.019 ml, 
0.266 mmol). This was stirred for 30 minutes. The resultant pale yellow solution 
was filtered. Solvent was then removed from the filtate, and the pale yellow 
powder was dried under high vacuum. Yield: 150 mg, 0.202 mmol, 89 %. (Found: 
C, 53.1; H, 4.65; N, 1.83; C30ClH29NOPPt requires: C, 52.9; H,4.29; N,2.06) 
[a]D20= +51.4 (c = 1.4, CHCI3); m.p. = 177 °C; iW c m *1 1734,1625,1570,1243, 
1099,730,694; 31P NMR (161.7 MHz; CDC13) 5 8.1, 1JP.pt=4637Hz. ]HNMR 
(400 MHz, CDCI3) 5:0.11 (3H, d, 3J= 6.7 Hz, CH(CH3)2), 0.70 (3H, d, 3J= 6.7 Hz, 
CH(CH3)2), 2.5 (lH,m,CH(CH3)2), 4.22 (2H, m, CH20), 5.55 (lH,m,CHN),
6.35 (3H, m, ArH), 6.73 (2H, m, ArH), 6.80-7.5 (11H, m, ArH), 7.70 (2H,m, 
ArH), 7.95 (1H, m, ArH).
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To a stirred solution of [(*S)-PAN] Pt(Me)Cl, (76), (0.176 g, 0.285 mmol) in dry 
DCM was added silver tetrafluoroborate, (0.056 g, 0.287 mmol) in one portion.
The flask was then flushed with nitrogen, and stirred in the dark for an hour. The 
resulting suspension was then filtered under nitrogen using a filter cannula. The 
solution obtained had its solvent removed and was dried under high vacuum. Yield: 
0.167 g, 0.221 mmol, 78%. (Found: C,41.9; H,4.20; N, 1.87. 
C26H29BCl2F4NOPPt requires: C, 41.37; H, 3.88; N, 1.86). [<x]D20 80.0 (c = 1.56, 
CHClj); m.p.= 214 °C (decomp.); u ^ /c m '1: 3363,2287,1631,1584,1567, 
1258,1101,1063,998,955,732,693; 31PNMR (161.7MHz; CDC13)8: 8.46, 
'jP.pt=5263 Hz. 'HNMR (400 MHz; CDC13)5: 0.20 (3H, d, 3J=6.7 Hz, CHMe2), 
0.34 (3H, s, 2J = 63.2 Hz, CH3-Pt-P), 0.80 (3H, d, 3J = 7.0 Hz, CHMe2), 2.32 (1H, 
m, CHMe2), 4.34 (1H, dd, 3J = 8.9 Hz, 3J = 4.3Hz, CHO), 4.60 (1H, t-app., 3J = 9.2 
Hz, CHO) 4.80,1H, m, CHN), 5.61 (2H, s, br, [co-ord. DCM]), 7.0-8.2 (14H, m, 
ArH).
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[(5)-PAN) Pt(Ph)CH2Cl2] BF4, (79)
Ph'
(79)
To a stirred solution of [(£)-PAN] Pt(Ph)Cl, (77), (0.119 g, 0.175 mmol) in dry 
DCM ( 6  ml) was added silver tetrafluoroborate, (0.034 g, 0.175 mmol) in one 
portion. The flask was then flushed with nitrogen, and stirred in the dark for an 
hour. The resulting suspension was filtered through a pad of Celite. Solvent was 
removed from the filtrate, and the pale powder obtained was dried under high 
vacuum. Yield: 0.113g,0.138mmol,79%. 31PNMR (161.7MHz; CDC13)
S: 3.89 (*J = 5198 Hz) *HNMR (400 M H z ; CDC13) 8 : 0.34 (3H ,d 3J = 6.7Hz, 
CHMe2), 0.85 (3H, d, 3J = 6.9 Hz, CHMe2), 2.33 (1H, m, CHMe2) 4.40 (1H, m, 
CHO), 4.78,2H, m, CHO & CHN), 5.8 (1H, br, s, co-ord. DCM?) 6.6-8.4, (ArH). 
Impurities: (c. 30% w.r.t. major prod) 3IPNMR (161.7MHz; CDC13) 8 : 5 .14('j 
= 5075Hz) ’HNMR (400M H z; CDCIj) 8 : 0.10,d 6.67Hz; 0.74,d,6.67Hz; 
1.70, s, br; 2.46, m; 4.03, m; 4.35, m; 6.4-8.2, m, ArH. MS. (m/z) (F.A.B.) 
645.1647 (M-BF4 .CH2C12)+ req.s 645.1634);
General procedure for compounds 92 a-e.
To a flask containing compound (78), (10 mg, 0.013 mmol) was added a solution 
of organic ligands a-e, (0.016 mmol, 1.2 eq. in 0.5 ml CDC13 ). The resulting 
solution was then added via a syringe to an NMR tube and the NMR spectrum 
measured. Selected resonances are noted in Table 3.
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4-(MethoxycarbonyI)-5-phenyl-2-oxazoline, (96) from aldol reaction of methyl
To an evacuated round-bottomed flask containing the platinum catalyst, (78) (14.6 
mg, 0.02 mmol, 2 mol%) and a stirring bead was added HPLC DCM (7 ml), 
nitrogen, methyl isocyanoacetate (0.092 ml, 99 mg, 1 mmol), benzaldehyde (0.102 
ml, 0.106 g, lmmol) and Htinigs base (0.022 ml, 0.13 mmol, 13 mol%) in that 
order. The flask was stirred at 20 °C until T. L. C revealed complete conversion, as 
monitored by disappearance of methyl isocyanoacetate (Rf ~ 0.7, 50 % EtOAc/ 
petroleum ether, Mn04- or PMA dip). The cis and trans products were obtained as 
a mixture after column chromatography on silica using 50% EtOAc / Petroleum 
ether as eluent ( Rf {cis) ~ 0.5, Rf {trans) ~ 0.45). Combined yield of both isomers: 
0.191 g, 0.94 mmol, 94 %). *H NMR revealed the compound isolated to be a 
mixture of cis and trans- 4-(methoxycarbonyl)-5-phenyl-2-oxazoline by comparison 
with literature NMR data. 147 cis /  trans = 70:30. For some reason, I could not 
isolate the trans isomer in pure form (it was always contaminated with the cis 
product). !HNMR (400 MHz; CDC13) 8 : {trans-(96)) 3.76 ( 3H, s, CQ2Me) 4.55
isocyanoacetate and benzaldehyde. 147
(96)
(1H, dd, 3J = 7.8, 2.2 Hz, CHCHO), 5.62 (1H, d, 3J = 7.7 Hz, PhCHCH), 7.05 (1H, 
d, 3J = 2.2 Hz, HC=N) 7.2-7.4, (5H,m, ArH). 8 : {cis, (97)) 3.1, (3H,s, C02Me), 
4.95 (1H, dd, 3J = 11.0, 2.2 Hz, CHCHO), 5.62 (1H, d, 3J = N / D, PhCHCH), 7.0- 
7.4 (6 H, m, HC=N & ArH).
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emfo-2 -ChIorobicyclo[2 .2 .1 ]hept-5 -eiie-2 -(ex:0 )-carb(mitrile, (100) 72
(100)
To an evacuated round bottomed flask containing, catalyst (78) (25 mg, 0.0331 
mmol), and a stirring bead was added DCM (2.5 ml) and 2-chloro-acrylonitrile (58 
mg, 0.662 mmol). This flask was then flushed with nitrogen. Cyclopentadiene 
(0.220 g, 3.31 mmol) was then added, and the reaction vessel was stirred at a given 
temperature (25 °C, 0 °C, or -15 °C) until the reaction had gone to completion. The 
progress of the reaction was followed by G.C. The ENDO/EXO ratio and the 
enantioselectivity were also determined by G.C. 73 When the reaction was 
complete, DCM (4 ml) was added, and the reaction mixture was filtered through a 
pad of silica. The resultant solution had its solvent removed to give a colourless oil 
which solidified on standing. The major isomer was identified as endo-2- 
chlorobicyclo[2.2.1 ]hept-5-ene-2-(exo)-carbonitrile by comparison of its NMR 
spectra with the literature.72 !H NMR (400 MHz, CDC13) (major endo-2-chloro 
isomer) 8 : 1.70 (1H, dd, 3J = 13.1, 3.1 Hz, HCHCCN) 1.71 (2H, brs, CH2), 2.70 
(1H, dd, 3J =13.1, 3.7 Hz, HCHCCN), 3.09 (1H, br, s, CHCH2 (bridgehead)) 3.49 
(1H, brs, CHCH2 [bridgehead]), 6.11 (1H, dd, 3J = 5.7, 3.1 Hz, =CH), 6.41 (1H, 
dd, 3J = 5.7,3.1 Hz, =CH); 13C NMR (67.80 MHz) 8 : 42.86, [-CH-(bridgehead)]; 
45.67, [-CH2-]; 48.51, [-CH2-]; 55.35, [-CH- (bridgehead)]; 56.1, [C(C1)CN]; 
121.4, [-CN]; 131.97, [=CH]; 139.38, [=CH]. (MS, CI+) m/z: MH+: 154.0)
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Ethyl-2- cyano-propionate, (103) 148
CN
M e ^ C 0 2Et
(103)
A more efficient synthesis of compounds of this type has been published, 148 but we 
happened to have the reagents for the following synthesis in store.
The reaction was only run once, and hence the yield is not optimised A solution of 
sodium ethoxide (9.024 g, 0.133 mol) in ethanol, (60 ml) was added dropwise, via 
an addition funnel, to a stirring solution of ethyl cyanoacetate (15 g, 14.11 ml,
0.133 mol) in ethanol (60 ml). Once addition is complete, the reaction was cooled 
to 0 °C. Methyl iodide (19.63 g, 8.611 ml, 0.138 mol) is carefully added via 
syringe, and the reaction stirred for two hours.. Solvent was removed from the 
reaction flask, and the residue was extracted with ether ( 1 0 0  ml) and washed with 
water (2 x 100 ml). The organic extracts were dried (MgS04), and filtered. The 
solvent was removed from the filtrate to yield the crude product, which was 
purified by column chromatography using 30% ether/petrol as eluent [Rf (103) ~ 
0.3; Rf (S. M.) ~ 0.15; Rf (impurity) ~ 0.4]. This column was carried out using only 
a portion of the crude product. The average yield from the column was 37 %.
IW  /cm'1: 3475,2988,2949,2912,2253, 1747,1458,1383, 1369,1300, 1270, 
1200,1110,1034,862; ]H NMR (270 MHz) 8 : 1.33 (3H, t, 3J = 7.1 Hz, CH2CH3), 
1.60 (3H, d, 3J = 7.3 Hz, CHCHj), 3.57 (1H, q, 3J = 7.3 Hz, CHCH3) 4.27,2H, q,
3J = 7.1 Hz, CH2CH3). 13C NMR (67.80 MHz) 8 : 166.44, [-C02-]; 117.29, [-CN]; 





To an evacuated one-necked round bottomed flask containing catalyst (78) (7.6 mg, 
0 . 0 1  mmol) and a stirring bead was added a solution of ethyl cyanopropionate 
(0.127 g, 1 mmol) in dry solvent (4 ml). This flask was then flushed with nitrogen. 
Hunigs base (0.017 ml, 13 mg, 0.1 mmol) and methyl vinyl ketone (0.125 ml, 0.105 
g, 1.5 mmol) were then syringed into the flask, (on some occasions methyl vinyl 
ketone was added as a solution in 3 ml solvent using a syringe pump at its slowest 
setting) The reaction was then stirred at room temp. Reaction progress was 
assessed by T.L.C. (The product has an RF of 0.15 in 35% ether / petrol; KMn04 
dip). When the reaction was complete, solvent (and excess methyl vinyl ketone) 
was removed in vacuo, and the pure product, (104) obtained after column 
chromatography using 30 % ether / petrol as eluent (yields are given in the table). 
The compound was identified by comparison of its NMR data with literature 
values.74
'HNMR (400MHz) 8 : 1.34(3H ,t,3J = 7.1 Hz,CH2CH3), 1.61 (3H,s,NC-C- 
CH3), 2.0-2.3 (2H, m, CH2-CH2-C-), 2.19 (3H, s, CH3-CO), 2.5-2.8 (2H, m, C(0>- 
CII2-) 4.27 (2H, q ,3J = 7.1 Hz, CH2CH3). 13CNMR (67.8 MHz) 5: 13.90,23.43, 
29.90,31.46,39.12,43.02,62.87,119.46,168.79. 205.74; (MS, CI+): MH+ 198.1.
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General procedure for catalytic epoxidation testing
0.1 mmol of catalysts (78), (79), (6 6 ) with 0.1 mmol SnCl2 and (6 6 ) with 0.1 mmol 
AgBF4 were placed in separate flasks. A stirring bead was placed in each flask 
which were then stoppered, evacuated, flushed with nitrogen, and placed in a water 
bath at 18 °C. Degassed HPLC grade DCM, (5 ml), and 1-octene, (0.7 ml, 4.4 
mmol), were then added and the reaction mixtures were stirred in the water bath. A 
fifth reaction flask containing only DCM, octene, and H20 2 was also set up as a 
control. 35 % hydrogen peroxide solution (0.8 ml, 5 mmol) was then added via 
syringe. After 4,24, and 72 hours, 0.1 ml of the reaction mixture were removed 
from each flask, dissolved in 1 ml of DCM, and filtered through a short plug of 
silica and analysed by gas chromatography. Another solution of 99 % octene and 1 
% epoxide was also worked up in this way to confirm that the analytical method 
could detect down to 1 % conversion.
frYi/25-Bis-(diphenylmethylpliosphine)-chloro-(trifluoroacetyl) platinum (II),
(109) 75
(Ph)2MePN /C l  
Pt
c f 3—^  >Me(Ph)2 
O
(109)
Trans-bis (diphenylmethylphosphine) chloro (trifluoroacetyl) platinum (II) was 
prepared by the method first described by Bennett et.al. 75 Its preparation is given 
here as the original paper does not contain a detailed experimental section.
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A solution of diphenylmethylphosphine, (1.55 ml, 1.83 mmol) in 95% ethanol, (15 
ml) was syringed into a schlenk tube containing a suspension of 
c/s-diphenylmethylphosphine-platinum (II) dichloride, (2.28 g, 3.42 mmol) in 45 ml 
of ethanol. This was stirred for 10 minutes, after which a solution of potassium 
hydroxide, ( 0.46 g, 8.13 mmol ) in 80/20 ethanol/water was added. This mixture 
was then stirred at 60 °C under an atmosphere of nitrogen (no condensor is 
required). After four hours, the resultant yellow solid was filtered off under 
nitrogen, washed with water and ethanol and then transferred to a schlenk tube 
containing a magnetic stirring bead where it was dried in vacuo. HPLC grade 
hexane, (55 ml) was then added via syringe, before the tube was evacuated and 
flushed several times with nitrogen. Trifluoroacetyl chloride gas was then bubbled 
into the suspension until the yellow colour had gone (about 2 minutes). The gas 
was added via standard, dry, tubing and a syringe which was submerged into the 
suspension. Any excess gas above the suspension was allowed to travel via a 
cannula to a flask of propan-2-ol. Excess gas from here diffused through another 
cannula to a flask of methanol, which was itself open to diffuse into a flask of 
sodium hydroxide. This is probably a bit over the top, but is does ensure that all 
traces of this highly toxic gas are removed. The reaction mixture was left to stir for 
an hour, while the system was flushed with nitrogen. The white precipitate was 
filtered off, in air, and washed with a small amount of hexane and ethanol. (Yield: 
1.26 g, 1.74 mmol, 51 % ) Its identity is confirmed by comparison of NMR data 
with literature values.
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Vinyldiphenylphosphine-chloro-(trifluoroacetyl) platinum (II), (110)
f= \
(PhfcR, PfPhfc
CF3 ^  'Cl 
0
(110)
A solution of vinyldiphenylphosphine, (0.067 g, 0.19 mmol) in dry toluene, (3 ml) 
was slowly added to a boiling, stirred suspension of trans-bis 
(diphenylmethylphosphine)-chloro-(trifluoroacetyl)platinum (II), (0.138 g, 0.19 
mmol) in 8  ml of toluene. This was heated under reflux for four hours. After 
cooling, solvent was reduced to 1 ml under vacuum and diethyl ether added. The
'X1resulting white precipitate was then filtered off and dried in vacuo. P NMR 
indicated this to be a very impure sample. The correct product was obtained by 
flash chromatography using 32% ethyl acetate/petrol as eluent (Rf (110) ~ 0.45). 
(Yield: 0.67 g, 0.093 mmol, 47%) n J c m ' 1 :1749,1662,1240,1101,873; 31P 
NMR (400 MHz; CDCI3 ) 48.5 (%.„=! 752 Hz, 2JH-p+ 4Jh-p=9.9, +2Jp_p=5.9),
40.37 ( 1Jp.Pt=3979Hz, 2JP.P= 5.9 Hz); ‘H NMR (400 MHz; CDC13) 1.2(2H,t,3J 
=7.2Hz, HC=CH), 7.0-7.8,20 H, m, ArH.
General procedure for the preparation of allylic acetates.
The allylic acetates used throughout chapters three and four were either purchased 
or prepared from the corresponding alcohols by the following general procedure. 
The majority of them are very well known compounds and were characterised by 
comparison of T.L.C and NMR data with authentic samples / literature values.
They were further characterised by reacting as expected in palladium catalysed 
allylic alkylation reactions. lH NMR is given here for reference purposes.
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A 50 ml, one-necked round bottomed flask was charged with a stirring bead, 
catalyst, and the allylic alcohol (5.4 mmol,l equiv.). It was then stoppered and 
flushed with nitrogen. HPLC grade DCM was then added via a syringe (10 ml), and 
the reaction vessel was cooled to 0 °C. A few crystals of 4-dimethylamino-pyridine 
were then added. The flask was restoppered prior to the addition of triethylamine 
via syringe (0.75 ml, 55g, 5.4 mmol, 1 equiv.). An excess of acetic anhydride was 
then added, also via syringe (1.02 ml, 1.10 g, 10.8 mmol, 2 equiv.). The reaction 
vessel was stirred at room temperature until T. L. C. analysis showed complete 
consumption of the starting alcohol. This is typically about four hours. The 
reactions were then diluted with DCM and washed with water. The aqueous layer 
was washed with more DCM, and the organic extracts were combined and washed 
with water and then brine. After drying (MgS04) and evaporation of solvent, the 
acetate can be obtained pure enough for our purposes by drying under high vacuum. 
[Column chromatography of some allylic acetates results in decomposition].
(2s)-l,3-DiphenyI-prop-2-enyl acetate, (112)
O
Rf ~ 0.6 (30 % Et2Q / petroleum ether) *H NMR (400 MHz; CDC13, 20°C): 5: 2.08
(112)






o  c h 3
Ph Me
(194)
Rf ~ 0.6 (30 % Et20  / petroleum ether) 'H NMR (400 MHz; CDC13> 20 °C) 5: 1.35 
(3H, d, 3J = 6.0 Hz, CHCHj) 1.97 (3H, s, C 0 2CH3), 5.45 (1H, qn, 3J = 6.0 Hz, 
CHCH3), 6.00, (1H, dd, 3J = 6.0,16.0 Hz, =CHCH), 6.50, (1H, d, 3J = 16.0 Hz, 




0  c h 3
(159)
This reaction was carried out at 35 °C for 5 hours.
Rf ~ 0.8 (30 % Et20  / petroleum ether) lU NMR (400 MHz; CDC13, 20°C) 8 : 1.60- 
2.07 (6 H, s, 3 x CH2), 2.05 (3H, s, C0 2CH3), 5.26 (1H, m, CHOAc), 5.70 (lH,m, 







Rf ~ 0.8 (30 % Et20  / petroleum ether) ‘H NMR (400 MHz; CDC13,20°C) 8 : 1.25 
(3H, d, 3J = 6 . 6  Hz, CHjCH), 2.20 (3H, s, C 0 2Me), 5.07 (1H, dt, 3J = 10.5,1.4 Hz, 





Rf ~ 0.9 (30 % Et20  / petroleum ether) *H NMR (400 MHz; CDC13, 20 °C) 8 : 0.84, 
(3H, t, 3J = 7.3 Hz, CHjCH2), 1.26 (2H, m, CH3CH2), 2.0 (3H, s, C0 2Me), 5.14 





Rf ~ 0.7 (20 % Et20  / petroleum ether) JH NMR (400 MHz; CDC13, 20 °C) 8 : 1.65- 
2.20 (6 H, m, 3 x CH2); 2.11 (3H, s, C 0 2Me), 5.38 (1H, t, 3J = 4 . 6  Hz, CHOAc), 





0  c h 3
6 ' “
(184)
Rf ~ 0.6 (30 % Et20  / petroleum ether) ‘H NMR (400 MHz; CDCl3, 20 °C) 5: 1.65 
(2H, m, CH2), 1.88 (2H, m, CH2), 2.10 (3H, s, C02Me), 1.95-2.25 (2H, br., m, 




( T x h 3
Br
(190)
Rf ~ 0.55 (30 % Et20  / petroleum ether) !H NMR (400 MHz; CDC13, 20°C) 8 : 2.22, 
3H, s, C0 2Me), 6.57,1H, s, CHOAc), 7.20,1H, CH=CBr), 7.25-7.7, (10H, m, 
ArH).
[(dppe)Pt(ri3-C3H5)]BF4, (150)
r ~ \  ~ |  + - b f 4
Ph2 Pv ,P Ph2
X
(150)
A round bottomed containing a stirring bead, [(C3H5)PtCl]4  (0.070 g, 0.0644 mmol, 
1 equiv.) and dppe (0.103 g, 0.258 mmol, 4.0 equiv.) was evacuated and then 
charged with THF (5 ml) and nitrogen. The resulting suspension was stirred at 40
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°C for five minutes. The flask is then briefly opened and charged with AgBF4  
(0.050 g, 0.258 mmol, 4.0 equiv.). It was then stirred for a further five mins at 40 
°C, cooled to room temperature and filtered through a pad of Celite. The Celite 
was washed with DCM. The resulting solution had solvent removed and was dried 
in vacuo. Yield: 0.091 g, 0.126 mmol, 49 %. As this complex was prepared on a 
small scale by a route which is similar to the synthesis of [(Ph3P)2Pt(C3H5)]BF4 , 108 it 
was not as fully characterised as most other compounds reported in this thesis. 
However, NMR and High Res. mass spec, confirm both its purity and formula. 31P 
NMR (161.7 MHz; CDC13, 20 °C ) 47.4 (lJ = 3694 Hz), *H NMR (400 MHz; 
CDC13, 20 °C)6 : 2.65, (brs, 4H, CH2CH2), 2.85, (sbr, 2H), 3.7 (brs, 2H), 4,7 (brs, 
1H) HRMS, (F. A. B.; m/z): (M - BF4)+ Req’s: 634.1392: Found: 634.1384.
(Ph3P)2Pt-stilbene149
Ph3  Px P Ph3  
3  Rt 3
Ph I
Ph
This compound was first prepared many years ago. 149 The procedure shown here is 
in greater detail and gives more analytical data than the original (brief) report.
To an evacuated three necked flask containing (Ph3P)2PtCl2 (0.5 g, 0.632 mmol) 
and a stirring bead was added degassed ethanol (10 ml). Hydrazine hydrate was 
then added (0.5 ml, 0.010 mmol), and the reaction mixture, which goes clear in a 
few minutes, was filtered using a cannula filter into a Schlenk flask containing 
trans-stilbene (0.15 g, 0.833 mmol) and warmed to 60 °C - 70 °C for ten minutes. 
The pale yellow precipitate which was formed on cooling was filtered off (under 
nitrogen) and washed with ethanol (5 ml), water (5 ml) and ethanol again (5 ml). It
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was then dried under high vacuum. The compound can be handled on the bench 
with no problems and can be stored for long periods under nitrogen. Yield: 0.250 g, 
0.277 mmol, 44%. cm' 1 (nujol) 1594,1304,1181,1092; 31P NMR (161.7 
MHz; CDCIj, 20 °C ) 14.2 (3J = 3676 Hz) ]H NMR (400 MHz; CDC13, 20 °C ) 
6.8-7.9 (m, ArH). MS. (F.A.B.+; m/z) 719 (100) (M-stilbene).
[0?>-PAN]PdCl2, (156)
(156)
To an evacuated one-necked round bottomed flask containing PdCl2 (0.057 g, 0.318 
mmol) and ligand (64) (S)-PAN (0.113 g, 0.303 mmol) was added DCM. The flask 
was then flushed with nitrogen and heated to reflux for 40 hours. The brown 
reaction mixture was filtered before having solvent removed. The resultant yellow 
precipitate was washed with Et20  and collected on filter paper. It was then 
dissolved, filtered and dried to yield the pure product. The compound can also be 
conveniently prepared from (COD)PdCl2 by stirring with the ligand in DCM at 
room temperature. Crystals of the DCM solvate complex suitable for X-ray 
diffraction experiments were grown from DCM. Yield: c. 70 % for both methods. 
(Found: C, 47.2, H, 4.08, N, 2.16. C25H26Cl4NOPPd requires C, 47.2, H, 4.09,
N ,2.20); m.p. =>250°C; i w /c m ' 1 (nujol) 1626, 1570,1247, 1101.. 3,PNMR 
(161.7 MHz; CDCIj, 20 °C ) 26.49. 'H NMR (400 MHz; CDC13, 20 °C ) 0.01 
(3H,4 3J =6 . 8  Hz, CH3), 0.83 (3H,d, 3J=7.2 Hz, CH3), 2.66, (1H, m, CH(CH3)2),
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4.37 (1H, q, CH20), 4.49 (1H, t, CH20), 5.58 (1H, m, CHN), 6.93-8.14 (14H, m, 
ArH). MS. (F.A.B.-; m/z) 548.9 (M+).




All procedures for this synthesis were carried out in the absence of air. To a stirred 
solution of[(S)-PAN]PtCl2 (0.300 g, 0.469 mmol) and stilbene (0.085 g, 0.469 
mmol) in dry THF (9 ml) was added a solution of NaBH(OMe) 3 (0.156 g, 1.219 
mmol in 4 ml THF). This was stirred for one hour. The THF was then removed in 
vacuo and the resultant black residue redissolved in toluene and filtered through a 
pad of Celite™ The Celite was washed with toluene. The solvent was then removed 
and the residue was recrystallised by cooling a DCM / hexane solution to -70 °C to 
give an orange / brown powder in low to moderate yield. This impure material 
catalysed allylic alkylation enantioselectively. umax./cm ' 1 (nujol) 1732,1597,1300, 
1154; 31P NMR (161.7 MHz; CDC13, 20 °C) 9.76 ( 3J = 4453 Hz) Peaks also at
29.56 and 0.62. *H NMR (400 MHz; CDC13, 20 °C ) 0.13 (d, 3J = 7.0 Hz), 0.81 (d, 
3J=7.0 Hz), 2.55 (m), 3.8 (m), 4.3-4.4 (m with satellites 2J = 104 Hz), 5.35 (m), 
6.93-8.14 (m, ArH). MS. (FAB+; m/z) 659 (70), 568 (55) [M-stilbene]+, 180 (100) 
[stilbene]. HRMS: C24H24NOPPt requires 568.1243, Found: 568.1224;
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General procedure for allylic substitution reactions using zerovalent platinum 
catalysts.
To an evacuated round bottomed flask containing 5 mol% catalyst and stirring bead 
(and the chiral ligand, if appropriate) was added a solution of the allylic acetate in 
dry solvent. The flask is then flushed with nitrogen. A solution of NaCH(C02Me) 2 
(1.7 equiv.) was then added, and the reactions were stirred at the desired 
temperature for the given time. The reactions were then diluted with DCM and 
washed with NH4CI. The aqueous layer was washed with more DCM, and the 
organic extracts were combined and washed with water and brine. Column 
chromatography using 2 0 % ether / petroleum ether as eluent gave the desired 
product.
Typical procedure for allylic alkylation using [(5)-PaN]MC12 / NaBH(OMe) 3
To an evacuated round bottomed flask containing stirring bead, [(S)-PAN]PtCl2, 
(10 mg, 1.56 x 10‘5 mols) and [(<S)-PAN if applicable] was added dry THF (1.2 ml). 
The flask was then flushed with nitrogen. This was stirred for a few minutes, 
before the addition of a THF solution of NaBH(OMe) 3 (4.5 mg, 3.2 x 10'5mols in 
1.2 ml). After 1-2 minutes stirring, a THF solution of rac-(£)-l,3-diphenyl-prop-2- 
enyl acetate (80 mg, 3.18 x 1CT4  mol) was added. A THF solution of sodium 
dimethyl malonate (83 mg, 5.39 x 10-4 mol) was then added, and the reaction was 
heated to the desired temperature for the appropriate time. The reaction was 
monitored by removing 0 . 1  ml of reaction mixture, filtering through a pipette 
containing cotton wool and a pad of silica (using ether as eluent), removing solvent, 
and analysing a solution of the resultant oil by HPLC (Chiracel OD®, Hex./ TrOH:
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99:1) It is possible to determine conversion, and e.e. of products and starting 
material using this method. When the reactions had finished they were diluted with 
DCM (30 ml) and washed with ammonium chloride. The aqueous layer was 
washed with DCM and the combined organic extracts were washed with water (50 
ml), brine (40 ml), dried (MgS04) and have solvent removed. Pure product (149) 
was obtained after column chromatography using 2 0 % ether / petroleum ether as 
eluent. It was identified by comparison of its *H and 13C NMR, T.L.C. and HPLC 
data with that of an authentic sample. 8 0 ,115
Typical procedure for allylic alkylation using [(C3H5)PtCI] 4 as catalyst.
To an evacuated round bottomed flask containing stirring bead, [(C3H5)PtCl]4, (4.0 
mg, 3.73 x 10-6 mols) and (£)-PAN (5.3 mg, 1.43 x 10'5 mol) was added dry THF 
(1.5 ml). The flask was then flushed with nitrogen. This was stirred for a few 
minutes, before the addition of a THF solution of rac-(£)-l,3-diphenyl-prop-2-enyl 
acetate (80 mg, 3.18 x lO'4 mol in 1.0 ml THF). The sodium dimethylmalonate 
solution (78 mg, 5.3 x 1 O’4  mols) was added next. The reaction was then stirred at 
the desired temperature and worked up and purified as before.
Methyl 2-methoxycarbonyl-3,5-diphenyl penten-l-oate, (149)
CH(C02 Me) 2
P h ^ ^ ^ P h
(149)
Rf(149) ~ 0.35, (30 % Et20  / Petrol); iw /c m ' 1 (neat) 1730,1598,1493,1248, 
1218, 1156 cm-1; *H NMR (270 MHz, CDC13, 20 °C): 3.53 (3H, s, C0 2CH3), 3.72
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(3H, s, C0 2CH3), 3.97 (1H, d, 3J=11.0 Hz, HC(C02Me)2), 4.29 (1H, dd, 3J=11.0,
8.4 Hz, CHCH), 6.34 (1H, dd, 3J=15.8,8.3 Hz, O H ), 6.50 (1H, d, 3J=15.9 Hz, 
=CH), 7.20-7.35 (10H, m, ArH). 13C NMR (67.9 MHz, CDCIj) S: 49.06 (CH), 
52.25 (CH3), 52.43 (CH3), 57.47 (CH), 126.22,127.02,127.42, 127.73, 128.57, 
128.99: (ArC= and C=C), 131.67 (ArC), 136.68 (AiC), 167.61, (C=0), 168.03 
(C=0).. MS (El; m/z ) 324 (10), 205 (80), 193 (60), 149 (80), 101 (100). C20H20O4 




Rf(160) ~ 0.75; Rf(159) -  0.9; (30 % Et20  / petrol); iw . /  cm' 1 (thin film) 2932, 
1736,1649,1435,1332, 1267, 1195,1160; *H NMR (270 MHz, CDC13, 20 °C): 
1.4-1.9 (4H, m, CH2CH2), 2.00 (2H, m, CH2), 2.92 (1H, m, CHCH), 3.30 (lH,d, 
3J=9.5 Hz, HC(C02Me)2), 3.74 (s, 3H, C0 2Me), 3.75 (s, 3H, C02Me), 5.54 (m, 1H, 
O H ), 5.79, (1H, m, CH=). 13C NMR (67.9 MHz, CDC13) 20.77 (CH2), 24.83 
(CH2), 26.52 (CH2), 35.29 (CH), 52.27 (CH), 127.23 (=CH), 129.55 (HC=), 168.74, 
(C=0), 168.79 (C O ). MS. (El; mix) 212 (10) [M+], 152 (100), 93 (25), 81 (50). 
CllH160 4 req’s: 212.1048, Found: 212.1044 
Methyl-2-carbomethoxy-3-methyl-5-phenyl pent-4-enoate, (195)
CH(C02 Me) 2
P h ^ ^ ^ M e
(195)
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Rf(195) ~ 0.4; Rrfl94) ~ 0.55; (30 % Et20  / petrol); t w  cm' 1 (thin film) 3026, 
2953,1738,1598,1578,1494,1435,1246,1194,1158,1023,969; 'H N M R(270 
MHz, CDC13, 20 °C): 1.10 (3H, d, 3J = 6 .8 Hz, CHCHj), 3.0-3.1 (1H, m, CH CH3), 
3.23 (1H, d, 3J = 7.9 Hz, CHCH), 3.58 (1H, s, C0 2Me), 3.61 (1H, s, C02Me), 6.04, 
(1H, dd, 3J = 8.4,15.8, =CH), 6.36 (1H, d, 3J = 15.9 Hz, =CH), 7.1 (5H, m, ArH). 
I3C NMR (67.9 MHz, CDC13): 18.37 (CH3), 37.62 (CH), 52.22 (CH3), 52.30 (CH3), 
57.70 (CH), 126.16,127.28,127.65, 128.39, 130.71,131.09 (ArCH&=CH), 137.0 
(ArC-), 168.50 (C=0). MS. (E. I. m/z) 262 (10) [M+], 202 (20), 143 (55), 131 




R4130) ~ 0.3; Rf(193, S.M.) ~ 0.4; (20 % Et20  / petrol); u ^ /  cm’ 1 1745, 1682, 
1149, 1047,1006,964; 'HNMR (270 MHz, CDC13, 20 °C): 2.80 (2H, dt, (app), 3J 
= 7.3,1.2 Hz, =CHCHj), 3.55 (1H, t, 3J = 7.3 Hz, CH2CH), 3.75 (3H, s, C0 2Me), 
3.76 (3H, s, C02Me), 6.1 (1H, dt, 3J = 7.3,15.6 Hz, =CH), 6.47 (1H, d, 3J = 15.6 
Hz, =CH), 7.2-74 (5H, m, ArH). MS. (El; m/z) 248 (25), 188 (35), 129 (80), 117 
(55). Ci4H160 4 requires: 248.1049, Found: 248.1046.
MethyI-2-methoxycarbonyl-3-methyl-4-pentenoate, (126)
CH(C02Me)2
R((126) ~ 0.6; Rf(125, S. M.) ~ 0.8; (30 % Et20  / petrol); o _ /  cm' 1 (thin film) 
2956,1737, 1644,1566,1436, 1268,1199,1154;]H NMR (270 MHz, CDCI3, 20 
°C): 1.03 (3H, d, 3J = 6 . 8  Hz, CHCH3), 2.89 (1H, hex (app) CHMe), 3.24 (1H, d, 3J 
= 9.0 Hz, CHCH), 3.66 (3H, s, C0 2Me), 3.67 (3H, s, C0 2Me), 4.99 (2H, ddm, 
=CH2), 5.70 (1H, ddd, =CH). 13C NMR (67.9 MHz, CDC13): 18.38 (CH3), 38.51 
(CH), 52.69 (CH3), 52.78 (CH3), 57.89 (CH), 115.76 (CH2), 139.80 (CH), 168.75 
(C02Me), 168.81 (C02Me).
Methyl-(E)-2-methoxycarbonyl-4-hexenoate, (127)
Me/ ^ / ^CH(C02Me)2
(127)
‘H NMR (270 MHz, CDCI3, 20 °C): 1.56 (3H, dd, CH3CH), 2.50 (2H,dd, 3J = 6.7,
7.5 Hz, CHCH2), 3.34 (1H, t, 3J = 7.7Hz, CH2CH), 3.64 (6 H, s, C0 2Me), 5.30 (1H, 
m, =CH), 5.49 (1H, m, =CH). 13C NMR (67.9 MHz, CDC13): 30.11 (CH3), 32.31 




Ri(198) ~ 0.3; R^197, S.M.) ~ 0.7; (10 % Et20  / pet. ether); i w /  cm' 1 (thin film) 
2956,1739,1641,1436, 1256,1195,1147; 'H NMR (270 MHz, CDC13, 20 °C): 
0.80 (3H ,t,3J = 7.1 Hz,CH3CH2), 1.1-1.4 (4H,m, CH2CH2), 2.70 (1H, dq (app), 
CH2CH), 3.31 (1H, d, 3J = 9.0 Hz, CHCH), 3.62 (3H, s, C0 2Me), 3.66 (3H, s, 
C0 2Me), 4.98 (1H, s (app.), =CHH), 5.03 (1H, dm, =CHH), 5.55 (1H, dt (app), 3J = 
9.4,18 Hz). 13C NMR (67.9 MHz, CDC13): 13.75 (CH3), 20.09 (CH2), 34.41 (CH2),
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43.98 (CH), 52.17 (CH3), 52.33 (CH3), 56.89 (CH), 117.32 (=CH2), 138.04 (=CH),
168.56 (C02Me), 168.76 (C02Me). MS. (El; m/z) 214 (15) [M+], 171 (35), 155 
(100), 132(95), 111(60).
Methyl (£)-2-inethoxycarbonyl-4-octenoate, (199)
'H NMR (270 MHz, CDC13, 20 °C): 0.84 (3H, t, 3J = 7.3 Hz, CH3CH2), 1.33 (2H, 
hex. app.), CH3CH2), 1.93 (2H, q app.,3J = 7.1 Hz), 2.56 (2H, t.(app. With fine
=CH), 5.50 (1H, m, HC=). 13C NMR (67.9 MHz, CDC13): 13.94 (CH3), 22.83 
(CH2), 32.34 (CH2), 34.90 (CH2), 52.36 (CH3), 52.76 (CH), 125.40 (=CH), 134.14 
(HC=), 169.53 (C02Me), 169.57 (C02Me). The Z-alkene, which was only present 
as a minor (inseparable) product, is distinguished by the following different signals 
in the 'H NMR: 2.01 (q.app., 2H, 3J = 7.5Hz), 2.64 (tm, 2H), 3.45 (t, 1H, 3J = 
7.6Hz)
7-Dimethoxycarbonyl-trideca-4,5-diene, (200)
Compound (200) was sometimes observed (on the T.L.C plate) as a side product in 
the allylic alkylations on hex-2-enyl acetate. On one occasion we isolated a small 
amount (c. 4 mgs) of pure (200) and this can be assigned the structure shown by !H
CH(C02Me)2
(199)





NMR and mass spec. Rf(200) ~ 0.35; (10 % Et20  / petrol). !H NMR (270 MHz, 
CDC13, 20 °C): 0.87 (6 H, t, 3J = 7.3 Hz, CH2CH3), 1.33 (4H, hex.app., CH2CH3) 
1.95 (4H, dd, 3J = 7.0 Hz, CH2CH2CH=), 2.56 (4H, d, 3J = 6.7 Hz, CH2CH=), 3.69 
(s, 6 H, (C02Me)2), 5.22 (2H, m, =CH), 5.48 (2H, m, =CH). MS. (CI+; m/z) 297.1 
(100, MH+), 236 (20), 213 (70), 181 (80).
Typical procedure for allylic alkylation of c«-l,4-diacetoxy-2-butene using 
[(C3H5)PdCl] 2 and a monodentate phosphine ligand as catalyst.
To an evacuated round bottomed flask containing stirring bead, [(C3H5)PdCl]2, 
(12.0 mg, 3.28 x 10*5 mols, 2.5 mol%) and Cy3P (36.8 mg, 1.31 x 10^mol, 10 mol 
%) was added dry THF (1.5 ml). The flask was then flushed with nitrogen. This 
was stirred for a few minutes, before the addition of cis-1,4-diacetoxy-2-butene 
(0.210 ml, 216 mg, 13.12 x 10^ mol) and the sodium dimethylmalonate solution 
(13.52 x 1 O'4 mols, 4.2 ml of 0.328 mmolml' 1 soln in THF, 1.02 equiv.). The 
reaction was then stirred at the desired temperature until conversion was complete 
as judged by T.L.C.. Solvent was then removed. The ratio of branched to linear 
products and E /Z isomers was determined by G.C. and by crude NMR of the 
reaction mixture. When Cy3P was used as ligand, it was just possible to separate 
the branched (major) product from the linear one by careful chromatography using 
20% Et20  / hexane as eluent. The linear product is a mixture of cis and trans 
isomers which are inseparable by simple methods.
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(E) and (Z) Methyl 6-acetoxy-2-(methoxycarbonyl)-hex-4-enoate, (206)
AcO-
CH(C02 Me)2 AC° ^  c H(C0 2 Me)2
£-(206)
R,(206) ~ 0.35; Rf(204) ~ 0.5; (30 % Et20  / petrol); i w /  cm' 1 (neat) 3634,3466, 
2956,1729,1437, 1366,2344,1240, 1158,1028. ’H NMR (270 MHz, CDC13, 20 
°C): 2.03 (3H, s, C(=0)CH3-/ram ), 2.04 (3H, s, C(=0)CH3-c « ), 2.63 (2H, t, app., 
3J = 6.5 Hz, =CHCH2-(ra«5 ), 2.69 (2H, t,app., 3J = 7.2 Hz-cis), 3.44 (1H, m, 
CH2CH-cm and trans), 3.72 (6 H, s, CH(C02Me)2-fran.s), 3.73 (6 H, s, CH(C02Me)2- 
cis), 4.47 (2H, d, 3J = 5.0Hz, AcOCHj-lrara), 4.62 (2H,d, 3J = 6.4 Hz, AcOCH2- 
cis), 5.55-5.75 (2H, m, CH=CH-c« and trans). 13C NMR (67.9 MHz, CDC13): 
21.36 (CH3-cw and trans), 27.32 (CH2 -c/s), 31.82 (CH2-trans), 51.64 (CH-cw and 
trans), 52.94 (CH3-trans), 53.00 (CH3-C/5 ), 60.35 (CH2-cis), 64.81 (CH2-trans), 
126.97 (=CH-c/s), 127.47 (=CH-trans), 129.77 (=CH-czs), 130.85 (=CH-trans), 
169.16 (C0 2Me)2-/ra«5 ), 169.20 (C02Me)2-c«), 170.79 (CH3C02R-cw), 170.93 
(CH3C 02R-/twzs). MS. (C.I.+; m/z) 245(10) [MH+], 185 (100), 171 (10). 
Methyl-3-acetoxymethyl-2-methoxycarbonylpent-4-enoate, (205)
CH(C02Me)2
\ A ^ O A c
(205)
R((205) ~ 0.3; Rf(204) ~ 0.5; (30 % Et20  / petrol); v , / c m 4  (neat) 3640,3469, 
3083,2956,1739,1643,1436,1224,1040,931. ’HN M R(270MHz, CDC13, 20 
°C): 2.00 (3H, s, C(=0)CH3), 3.13 (1H, m, =CHCHCH), 3.54 (1H, d, 3J = 8.2 Hz, 
=CHCHCH), 3.68 (3H, s, C 0 2CH3), 3.71 (3H, s, C 0 2CH3), 4.07 (1H, dd, 3J = 11.3, 
6.0 Hz, HCHOAc), 4.20 (1H, dd, 3J = 11.1, 5.9 Hz, HCHOAc), 5.14 (2H, tm [app.],
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H2C= ), 5.75 (1H, ddd, 3J = 8 .8 , 10.2, 17.3 Hz, H2C=CH). 13C NMR (67.9 MHz, 
CDC13): 21.18 (CH3), 43.130 (CH), 52.83 (CH3), 52.97 (CH3), 53.40 (CH), 65.00 
(CH2), 119.16 (=CH2), 134.46 (=CH), 168.15 (C02Me), 168.31 (C0 2Me), 170.69 
(0C(=O)Me). MS. (F.A.B.+; m/z) 267 (15), 245(50) [MH+], 185 (100), 171 (10). 
CioH170 6, (MH *) requires 245.1025, Found: 245.1015
(£)-N-Benzyl-(l,3-diphenyl-3-propenyl)amine, (157) 113
P h — \
NH
(157)
To an evacuated round-bottomed flask containing (Ph3P)2P-tams-stilbene (0.013 g,
1.44 x 10'5 mols) and a stirring bead was added a solution of diphenyl prop-2-enyl 
acetate (0.073 g, 2.89 x 10"4 mols in 3 ml THF). The flask was then flushed with 
nitrogen. The benzylamine ( 0.047 ml, 0.046 g, 4.34 x 10*4 mols) was then added, 
and the reaction stirred for 19 hours at room temperature. The reaction was then 
diluted with DCM and washed with ammonium chloride solution. The aqueous 
layer was washed with DCM, and the combined organic layers were washed with 
water, dried (MgS04) and had solvent removed. Drying in vacuo yields (157) (0.08 
g, 2.77 x 10-4 mol, 96 %) which was essentially pure as determined by T.L.C. and 
NMR. It was identified by comparison with literature values. 113 tw . /  cm' 1 (thin 
film): 4051, 3081, 3059, 3025,1949, 1877,1808, 1670,1600,1493,1452. !H 
NMR (270 MHz, CDC13, 20 °C): 3.68 (1H, s, HCHN), 3.69 (1H, s, HCHN), 4.30 
(1H, d, 3J = 7.5 Hz, CHN), 6.22 (1H, dd, 3J = 15.8, 8 . 8  Hz, =CH), 6.49 (1H, d, 3J = 
15.9Hz, HC=), 7.01-7.43 (15H, m, ArH). 13C NMR (67.9 MHz, CDC13, 20 °C)
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51.33 (NCH2), 64.55 (CHN), 126.38-128.59 (ArH), 130.37 (=CH), 132.50 (CH=), 
136.89 (ArC-), 140.28 (AiC-), 142.78 (ArC-); MS. (El +; m/z): 299.2 (10) [M+], 
208(35), 180.1(100), 149(70). C22H21N (M+) requires: 299.1674; Found: 
299.1668.
(£)-l,3-DipheiiyI-prop-2-enoI phenyl ether, (158).114
(158)
To an evacuated round-bottomed flask containing (Ph3P)2P-ethylene (0.022 g,
2.9 x 1 O'5 mols) and a stirring bead was added a solution of diphenyl prop-2-enyl 
acetate (0.147 g, 5.80 x 10*4 mols in 2 ml DCM). The KF on Alumina (0.260 g, 1.8 
mmol, 2 equiv) was then poured into the reaction vessel. The flask was then 
flushed with nitrogen, before the addition of a solution of phenol (0.083 g, 8.75 x 
10"4 mols in 2 ml DCM). The reaction was stirred for 60 hours at room 
temperature. The reaction was then diluted with DCM and washed with 
ammonium chloride solution. The aqueous layer was washed with DCM, and the 
combined organic layers were washed with water, dried (MgS04) and had solvent 
removed. Purification by column chromatography on silica using 10% Et20  / 
petroleum ether as eluent gives (158) Yield: (0.107 g, 3.77 x 10-4 mol, 65 %) It 
was identified by comparison of its T.L.C., HPLC, and !H NMR data with an 
analytically pure sample kindly provided by another group member. 114 Rf ~ 0.7 (20 
% Et20  / pet. ether, U. V.); 2H NMR (270 MHz, CDC13), 20 °C) 6 : 5.79 (1H, d, 3J =
140
7.0 Hz, CHOPh), 6.43 (1H, dd, 3J = 16.0,7.0 Hz, =CHCH), 6 . 6 6  (1H, dd, 3J = 16
The preparation of this compound from 2-cyclohexenone has previously been 
described by Kowalski et. al. u s ’ 129 A solution of bromine (1.06 ml, 20.64 mmol in 
10 ml DCM) was slowly added to a cooled (0 °C) solution of 2-cyclohexenone (2.0 
ml, 1.986 g, 20.7 mmol in 50 ml DCM). This solution was stirred at 0 °C for an 
hour before the dropwise addition of triethylamine (4.6 ml, 33 mmol). The solution 
was then stirred for 90 minutes. It was washed with 3% HC1 (2 x 20 ml) and brine 
(1 x 30 ml). The organic layer was then dried and had all solvent evaporated to 
give an oil. This was recrystallised by dissolving in the minimum volume of ethyl 
acetate and layering with hexane until the first signs of precipitation appear. It was 
then left in the fridge overnight to give white crystals, (yield 1.384 g, 7.91 mmol,
38 %) These were filtered off and washed with hexane. A second crop of crystals 
can be obtained from the filtrate by repeating the recrystallisation process (Yield: 
0.814 g, 4.65 mmol, 23 %). The overall yield is 61 %. Both crops of crystals give 
very clean NMR spectra. Rf~0.25; umax./cm ' 1 (nujol) 1704, 1680,1596,1315,
1158, 1124, 1070. ]H NMR (270 MHz, CDC13), 20 °C) 6 : 2.05 (2H, qn app.,
4.4 Hz, BrC=CH). 13C NMR (67.9 MHz, CDC13, 20 °C)8 : 22.57 (CH2), 28.28





(CH2), 38.26 (CH2), 123.74 (=CBr), 151.16 (=CH), 191.16 (C=0). m.p. = 74-78 °C 
(Lit. 75-76 °C) ; 1 2 8 ,129 MS. (El +; m/z) 176 (70), 174 (70, M+), 148 (90), 146 (90), 
120(30), 118(30). QJLOBr requires 173.9680. Found, 173.9678.
2-bromo-cyclohex-2-en-l-ol, (184)
Cerium chloride heptahydrate, (2.12 g, 5.71 mmol, 1.0 equiv.), 2-bromo-cyclohex-
2-en-l-one, (1.0 g, 5.71 mmol, 1 equiv.) were dissolved in methanol (20 ml) and 
cooled to 0 °C. Sodium borohydride, NaBR*, (0.260 g, 6.856 mmol, 1.2 equiv.) 
was then added portionwise over about 20 minutes. The reaction was then stirred 
for another two hours. There is no change in Rf in going from starting material to 
product. The reaction mixture was diluted with diethyl ether (50 ml) and washed 
with water (50 ml). The aqueous layer was then washed twice with Et20  (40 ml). 
The organic extracts were combined and washed with water (80 ml), dried (MgS04) 
and had solvent removed to give a colourless oil. This oil crystallised after drying 
under high vacuum. This crude product showed no impurities in its NMR 
spectrum, (yield: 0.831 g, 4.69 mmol, 82%) Rf = 0.25 (30% Et20  / petrol); m.p. =
37 °C; iw /c n T 1 (nujol)3597,1640,1307, 1165,1053,979 cm'1; *H NMR (270 
MHz, CDClj), 1.5-2.1 (6 H, m, CH2CH2CH2), 2.31 (1H, br, d-app., O-H), 4.15 (1H, 
br, d-app., CHOH), 6.14 (1H, t, 3J = 4.2 Hz, CH2CH=). 13C NMR (67.9 MHz, 
CDC13, 20 °C): 17.55 (CH2), 27.73 (CH2), 31.93 (CH2), 69.77 (CHO), 125.72 
(=CBr), 132.50 (=CH). MS. (EI+; m/z) 178 (30), 176 (30,M+), 150 (15), 148 (15), 







To an evacuated round bottomed flask containing (Ph3P)2-/r<my-stilbene (20 mg, 
0.022 mmol, 5 mol%) and a stirring bead was added a solution of the 2-chloro allyl 
acetate ( 0.060 g, 0.44 mmol, 1 equiv. in dry THF). The flask was then flushed with 
nitrogen. A solution of NaC(Me)(C02Me) 2 (1.55 mmol, 3.5 equiv.) was then 
added, and the reaction was stirred at the room temperature for 48 hours. The 
reactions were then diluted with DCM and washed with NH4CI. The aqueous layer 
was washed with more DCM, and the organic extracts were combined and washed 
with water and brine. Column chromatography using 30% ether / petroleum ether 
(Rf ~ 0.25) as eluent gave the desired product. Yield: 0.075g, 0.23 mmol, 52 %. 
i w /  cm' 1 (neat) 3001,2955,2095,1732,1645,1435,1379,1252, 1110,985 cm'1. 
*H NMR (270 MHz, CDC13) 5: 1.42 ( 3H, s, (CCH3), 1.54 (3H, s, (CCH3), 2.76 (2H, 
s, CCH2C), 3.66 (6 H, s, (C02Me), 3.68, (6 H, s, COjMe), 4.84 (1H, d, 3J = 1.4 Hz, 
HHC=), 4.98 (1H, d, 3J = 1.3 Hz, HHC=). 13C NMR (67.9 MHz, CDC13) 8:19.14,
(CH3), 20.81 (CH3), 36.86 (CH2), 52.61 (CH3), 52.67 (CH3), 53.03, (R4 C), 61.12 
(R4C), 114.2 (=CH2), 141.35 (R4C), 171.2 (C=0), 172.67 (C=0). MS (F.A.B.+; 






P lY ^ f'^ P h
Br
(189)
A solution of a-bromo-cinnamaldehyde (1.0 g, 4.74 mmol) in dry THF (24 ml) was 
cooled to 0 °C. An excess of phenyl magnesium bromide was then added via a 
syringe ( between 5 and 8  mmol) and the reaction was stirred under nitrogen for 
two hours. Ammonium chloride was then added carefully (50 ml) and the resultant 
mixture poured into DCM. The organic layer was separated and washed with brine 
(40 ml), dried (MgS04) and had its solvent removed in vacuo. Column 
chromatography using 25% Et20  / petroleum ether (Rf (189) ~ 0.45, Rf (S.M.) ~
0.5) gave the desired alcohol, (189). Yield, 1.183 g, 4.09 mmol, 8 6 %. umax/ cm' 1 
(neat) 3662,3027,1952,1639,1596, 1492,1448, 1261,1189. *H NMR (400 MHz, 
CDC13) 8 : 2.70, s, br, 1H, (OH), 5.47, d, 1H, 3J = 5.0 Hz, (CHOH), 7.23-7.70 m,
11H, (ArH & HC=). 13C NMR (67.9 MHz, CDC13) 8 : 79.49 (CH), 115.5 (=CBr), 
126.96 (HC=), 128.42-129.39 (ArCH), 135.15 (ArC-C=), 140.59 (ArC-CH(R)OH). 
MS. (EI+; m/z) 288 (15, M+), 209 (95), 191 (40), 170 (30), 94 (100). Ci5H13OBr 
requires 288.0150, Found: 288.0151.
144
References:
1. W. C. Zeise, Mag. Pharm. 1830,35,105.
2. J. L. Spier, J. A. Webster, G. H. Barnes, J. Am. Chem. Soc. 1957, 79,974. J. W. 
Ryan, J. L. Spier, J. Am. Chem. Soc. 1964, 8 6 , 895.
3. K. Yamamoto, T. Hayashi, M. Zembayashi, N. Kumada, J. Organomet. Chem. 
1976,118,161 and refs therein.
4. B. D. Karstedt, (General Electric Co.) USP 226928,1972. Chem. Abs. 1974, 80, 
16134j.
5. M. Green, J. L. Spencer, andF. G. A. Stone,/. Chem. Soc. Dalton Trans. 1977, 
1519.
6 . M. Green, J. L. Spencer, F. G. A. Stone, and C. Tpipsis, J. Chem. Soc. Dalton 
Trans. 1977, 1525.
7. P. StefFanut, J. A Osborn, A. DeCian, J. Fisher, Chem. A. Eur. Journal 1998, 4, 
2008.
8 . R. H. Fish, H. G. Kuivila, J. Am. Chem. Soc, 1966,2445.
9. F. Agbossou, J-F. Carpentier, A. Mortreux, Chem. Rev. 1995, 95, 2485.
10. P. Haelg, G. Consiglio, P. Pino, J. Organomet. Chem. 1985, 296, 281.
l l .S .  Gladiali, D. Fabbri, L. Kollar, J. Organomet. Chem. 1995, 491,91.
12. F. R. Hartley, The Chemistry o f Platinum and Palladium, Applied Science 
publishers, London, 1973.
13. J. C. Bailar, H. Itatani, J. Am. Chem. Soc. 1967, 89, 1592 and refs therein.
14. LO. J. Kehoe, R. A. Schell, J. Org. Chem. 1970,35, 2846.
15. M. Murakami, K. Itami, Y. Ito, Organometallics 1999,18,1326.
145
16. Y. Watanabe, Y. Tsuji, T. Ohsumi, R. Takeuchi, Tetrahedron Lett. 1983,24, 
4121.
17. O. Fujimura, J. Am. Chem. Soc. 1998,120,10032.
18. F. Corla, A. Togni, L. Venanzi, A. Albinati, F. Lianza, Organometallics 1994, 
13,1607.
19. M. Sawamura, Y. Ito, in Catalytic Asymmetric Syntheses,; Ed. I. Ojima,; VCH 
Publishers, New York, 1993, Chap. 7.2, 367; Y. Ito, M. Sawamura, T. Hayashi, 
J. Am. Chem. Soc. 1986,108,6405.
20. (a) T. Yoshida, T. Matsudi, T. Okano, T. Kitani, S. Otsuka, J. Am. Chem. Soc. 
1979,101,2027. (b) T. GhaifFar, A. W. Parkins, Tetrahedron Lett. 1995,36, 
8657.
21. J. W. Harman, W. C. Hiscox, P. W. Jennings, J. Org. Chem., 1993,58, 7613.
22. W. Baidossi, M. Lahav, J. Blum, J. Org. Chem. 1997, 62, 669.
23. Y. Kataoka, O. Matsumoto, K. Tani, Organometallics 1996,15, 5246.
24. B. M. Trost, V. K. Chang, Synthesis, 1993, 824.
25. N. Chatani, N. Furukawa, H. Sakurai, S. Murai, Organometallics 1996,15, 901.
26. R. Schils, F. Simal, A. Demonceau, A. F. Noels, I. L. Eremonko, A. A. Sidorov, 
S. E. Nefedov, Tetrahedron Lett. 1998,39, 7849.
27. S. Boverie, F. Simal, A. Demonceau, A. F. Noels, I. L. Eremonko, A.A. Sidorov,
S. E. Nefedov, Tetrahedron Lett. 1997,38, 7543.
28. (a) K. Ikura, I. Ryu, N. Kambe, N Sonoda, J. Am. Chem. Soc. 1992,114, 1520. 
(b) J. O. Hoburg, P. W. Jennings, Organometallics 1996,15,3902. (c) J. Beyer, 
R. Madsen,/. Am. Chem. Soc. 1998,120, 12137.
29. T. Hase, A. Miyashita, H. Nohira, Chem Lett. 1988,219.
146
30. C. Mateo, C. Femandez-Rivas, D. UJ. Cardenas, A. M. Echavarren, 
Organometallics 1998,17, 3661.
31. H. Nakamura, H. Iwana, Y. Yamamoto, J. Am. Chem. Soc. 1996,118, 6641.
32. M. Heberhold, U. StefF, B. Wrackenmeyer, J. Organomet. Chem. 1999, 577, 76.
33. A. Naka, T. Okada, A. Kunai, M. Ishikawa, J. Organomet. Chem. 1997, 547, 
149.
34. M. Suginome, H. Nakamura, Y. Ito, J. Chem. Soc. Chem. Common. 1996,2777.
35. M. Suginome, H. Nakamura, Y. Ito, Angew. Chem. Int. Ed. Engl. 1997,36, 
2516.
36. M. Suginome, H. Nakamura, T. Matsuda, Y. Ito, J. Am. Chem. Soc. 1998,120, 
4248.
37. L. B. Han, M. Tanaka, J. Am. Chem. Soc. 1998,120, 8249.
38. T. Ishiyama, N. Matsuda, N. Miyaura, A. Suzuki, J. Am. Chem. Soc. 1993,115, 
11018.
39. C. N. Iverson, M. R. Smith ID, Organometallics 1996,15, 5155. G. Lesley, P. 
Nguyen, N. J. Taylor, T. B. Marder, A. J. Scott, W. Clegg, N. C. Norman, 
Organometallics 1996,15, 5137.
40. C. N. Iverson, M. R. Smith In, Organometallics 1997,16,2757. T. Ishiyama, 
M. Yamamoto, N. Miyaura, J. Chem. Soc. Chem. Comm. 1997, 689.
41. T. B. Marder, N. C. Norman, C. R. Rice. Tetrahedron Lett., 1998,39,155.
42. T. Ishiyama, T. Kitano, N. Miyaura, Tetrahedron Lett., 1998, 39, 2357.
43. V. Screenivasa Reddy, K. V. Katti, C. L. Barnes, J. Chem. Soc. Dalton Trans. 
1996, 1301.
147
44. E. Costa, P. G. Pringle, K. Worboys, J. Chem. Soc. Chem. Comm. 1998,49 and 
refs therein.
45. M. D. T. Frisone, F. Pinna, G. Strukul, Organometallics 1993,12,148.
46. A. Gusso, C. Baccin, F. Pinna, G. Strukul, Organometallics 1994,13, 3442.
47. G. Strukul, R.A. Michelin, J. Chem. Soc. Chem. Comm. 1984, 1538. G. Strukul, 
R.A. Michelin, J. Am. Chem. Soc. 1985,107, 7563. C. Baccin, A. Gusso, F. 
Pinna, G. Strukul, Organometallics 1995,14,1161. A. Zanardo, R. A. Michelin, 
F. Pinna, G. Strukul, Inorg. Chem. 1989,28,1648. A. Zanardo, R. A. Michelin,
F. Pinna, G. Strukul, Inorg. Chem. 1989,28,1966.
48. R. Sinigalia, R. A. Michelin, F. Pinna, G. Strukul, Organometallics, 1987, 6, 
728.
49. S.S. Woodward, M.G. Finn, and K.B. Sharpless, J. Am. Chem. Soc. 1991,113, 
106 and references therein.
50. R. A. Johnson and K. B. Sharpless, in Comprehensive Organic synthesis, eds. B. 
M. Trost, I. Fleming, Pergamon, 1991, Vol. 7, p. 389
51. (a) S. Chang, J.M. Galvin and E.N. Jacobsen, J. Am. Chem. Soc. 1994,116, 
6937 and references cited therein, (b) N.Sosoya, R. Irie, and T. Katsuki, Synlett, 
1993,261 and references cited therein.
52. M. Palucki, G.J. McKofmick and E.N. Jacobsen, Tetrahedron Lett. 1995,36, 
5457.
53. C. Bousquet and D.G. Gilheany, Tetrahedron Lett. 1995,36,7739.
54. J. M. Ready and E. N. Jacobsen, J. Am. Chem. Soc. 1999,121, 7739 and refs 
therein.
148
55. J. M. J. Williams, Synlett, 1996, 705 and references therein, b) P. von Matt and 
A. Pfaltz. Angew. Chem. Int. Ed. Engl. 1993,32, 566 c) J. Sprinz, G. Helmchen, 
Tetrahedron Lett. 1993,34,1769
56. P.S. Pregosin, S.N. Sze, Helv. Chim. Acta., 1978, 61,1848. L. Eabom, A 
Pidcock and B.R. Steele, J. Chem. Soc. Dalton Trans. 1975, 809.
57. (a) C.R. Kistner, J. M. Hutchinson, J.R. Doyle and J.C. Storlie, Inorg. Chem, 
1963,2, 1255. (b) H.C. Clark, L.E. Manzer,/. Organomet. Chem. 1973, 59,411.
58. (a) F.H. Allen and A. Pidcock, J. Chem. Soc. A 1968,2700; (b) F.J. Hopton,
A.J. Rest, D.J. Rosevear and F.G.A. Stone, J. Chem. Soc. A 1966,1326.
59. P. Bergamini, E. Costa, S. Sostero, A. G. Orpen and P.G. Pringle, 
Organometallics 1992,11, 3879.
60. P. McArdle, J. Appl. Cryst. 1994, 27, 438.
61. J. Sprinz, M. Kiefer, G. Helmchen, M. Reggelin, G. Huttner, O. Walter and L. 
Zsolnai, Tetrahedron Lett. 1994,35, 1523.
62. (a) K. B. G. Torssell, Nitrile Oxides, Nitrones and Nitronates in Organic 
Synthesis; VCH: New York, 1988. (b) P.N. Confalone, and E. M. Huie, Org. 
Reacts. 1988,36, 1.
63. K.V. Gothelf and K. A. Jorgensen, Chem. Rev. 1998,98, 863.
64. K. Hori, H. Kodama, T. Ohta, I. Furukawa, Tetrahedron Lett. 1996,37, 5947.
65. S. Kobayashi and M. Kawamura, J. Am. Chem. Soc. 1998,120, 5840.
66. 1. Brunig, RGrashey, H. Hauck, R. Huisgen and H. Seidl, Org. Synth. 1973,5, 
1124.
67. K. Hattori andH. Yamamoto, Tetrahedron 1993, 49,1749.
68. S. Danishefsky and J. Kervin, Jnr., Tetrahedron Lett. 1982,23, 3749.
149
69. M. A. Stark and C. J. Richards, Tetrahedron Lett. 1997,38, 5881.
70. a) P. K. Freeman, D. M.Balls and D.J. Brown, J. Org. Chem. 1968,33, 2211. 
(b) D.A. Evans, W.L. Scott, L.K. Truesdale, Tetrahedron Lett. 1972,2,121. (c) 
Cycloaddition reactions in organic synthesis, W. Carruthers, Pergamon Press, 
Oxford, 1990.
71. S. Monti, Y-L. Yang,,/. Org. Chem. 1979,44, 897. E. J. Corey,N. M. 
Weinsheuker, T. K. Shoof, W. Huber, J. Am. Chem. Soc. 1969, 91, 5675
72. (c) P. Yates and J.D.Kronus, Can. J. Chem. 1984, 62,1751.
73. Determined by G.C. using a Supelco BETA-DEX ™ 120 fused silica capilliary 
column. Conditions were set up such that both starting material and endo and 
exo isomers of the product could be detected. Another injection under modified 
conditions allowed the detection of both enantiomers of the major isomer, 
although full baseline resolution could not be obtained.
74. M. Sawamura, H.Hamashima, Y. Ito, Tetrahedron 1994, 50,4439 and refs 
therein.
75. M.A. Bennett, H.K. Chee and G.B. Robertson, Inorg. Chem. 1979,18,1061.
76. R.A. Michelin, M. Napoli and R. Ros, J. Organomet. Chem. 1979,175,239.
77. CF3-TMS can be obtained from Lancaster Chemical Company
78.1. Rupport, K. Schlich and W. Volbach, Tetrahedron Lett. 1984,2195.
79. For reviews see (a) C. G. Frost, J. Howarth and J. M. J. Williams, Tetrahedron 
Asymmetry 1992,3,1089. (b) B. M. Trost and D. L. Van Vranken, Chem. Rev. 
1996,96, 395.
150
80. (a) G. J. Dawson, C. G. Frost, S. J. Coote, and J. M. J. Williams, Tetrahedron 
Lett. 1993,34, 3149. (b) J. M. J. Williams, Synlett, 1996, 705 and references 
therein,
81. J. V. Allen, G. J. Dawson, C. G. Frost, S. J. Coote, and J. M. J. Williams, 
Tetrahedron 1994, 50, 799.
82. C. G. Frost and J. M. J. Williams, Synlett 1996, 551.
83. a) N. Nomura and T. V. RajanBabu, Tetrahedron Lett. 1997,38,1713. b) G. 
Consiglio, O. Piccolo, L. Roncetti, F. Morandi, Tetrahedron 1986, 42, 2043.
84. Y. Kobayashi, E. Ikeda, J. Chem. Soc. Chem. Comm. 1994, 1789.
85. H. Bricout, J. Carpentier, A. Mortreux, Tetrahedron Lett. 1996,37,6105.
86. B. M. Trost, G. B. Tometzki, M. H. Hung, J. Am. Chem. Soc. 1987,109, 2176.
87. G. C. Lloyd-Jones and A. Pfaltz, Angew. Chem. Int. Ed. Engl. 1995,34,462 and 
references therein.
88. B.M. Trost and M. Lautens, J. A m . Chem. Soc. 1983,105,3343.
89. A. V. Maikov, S. L. Davis, W. L. Mitchell and P. Kocovsky, Tetrahedron Lett. 
1997,38,4899.
90. B. M. Trost and I. Hachiya, J. Am. Chem. Soc. 1998,120,1104.
91. F. Glorius and A. Pfaltz, Org. Lett. 1999,1,141.
92. S. Zhang, T. Mitsudo, T. Kondo and Y. Watanabe, J. Organomet. Chem. 1993, 
450, 197.
93. P. A. Evans and J. D. Nelson, J. Am. Chem. Soc. 1998,120, 5581.
94. R. Takeuchi and M. Kashio, J. Am. Chem. Soc. 1998,120, 8647.
95. J. P. Janssen and G. Helmchen, Tetrahedron Lett. 1997,38, 8025.
96. B. Bartels, G. Helmchen,/. Chem. Soc. Chem. Comm. 1999, 741.
151
97. H. Kurosawa,/. Chem. Soc. Dalton Trans. 1979, 939.
98. J. M. Brown and J. E. MacIntyre, J. Chem. Soc. Perkin II, 1985,961.
99. K. Ohe, H. Matsuda, T. Morimoto, S. Ogoshi, N. Chatani, S. Murai, J. Am. 
Chem. Soc. 1994,116,4125.
100. J. Iqbal, M. Mukhopadhyay and A. K. Mandal, Synlett, 1996, 876.
101. W. S. Vaughn, H. H. Gu, K. F. McDaniel, Tetrahedron Lett. 1997,38, 1885.
102. T. H. Whitesides, R. W. Arhart, R. W. Slaven, J. Am. Chem. Soc, 1973, 95, 
5793
103. J-E Backvall, andM. Sellen, J. Chem. Soc. Chem. Commun. 1987, 827 and 
refs therein.
104. K. Moseley, P.Maitlis, J. Chem. Soc. Dalton Trans. 1974,169.
105. H. Eichelmann, H-J. Gais, Tetrahedron Asymmetry 1995, 6,643.
106. M. Tschoemer, P. S. Pregosin, A. Albinati, Organometallics 1999,18, 670
107. J. Fawcett, R. D. W. Kermmitt, D. R. Russell, O. Serindag, J. Organomet. 
Chem. 1995,486, 171.
108. T. G. Attig, H. C. Clark, J. Organomet. Chem. 1975,94, C49. B. E. Mann, A. 
Musco, J. Chem. Soc. Dalton Trans. 1980, 776.
109. D. K. Wicht, M. A. Zhuravel, R. V. Gregush, D. S. Glueck, I. A. Guzei, L. M. 
Liable-Sands, A. L. Rheingold Organometallics 1998,17,1412.
110. J. A. Gladysz, B. J. Boone, Angew. Chem. Int. Ed. Engl. 1997, 36, 550.
111. A. M. Porte, J. Reibenspies,K. Burgess, J. Am. Chem. Soc. 1998,120,9180
112. R. A. Spolton, M.F. Mahon and J. M. J. Williams, unpublished results
113. P. von Matt, O. Loiseleur, G. Koch, A. Pfaltz, C. Lefeber, T. Feucht, and G. 
Helmchen, Tetrahedron Asymmetry 1994, 5, 573.
152
114. R. A. Spolton and J. M. J. Williams, unpublished results.
115. P. R. Aubem, P. B. MacKenzie and B. Bosnich, J. Am. Chem. Soc. 1985,107, 
2033
116. F. Morandini, G. Consiglio, O. Piccolo, Inorganica Chim. Acta., 1982,57,15.
117. M. Yamaguchi, T. Shima, T. Yamagishi, M. Hida, Tetrahedron Asymm., 1991, 
2, 663.
118. M. Kawatsura, Y. Uozumi, T. Hayashi, J. Chem. Soc. Chem. Commun. 1998, 
217.
119. L. S. Hegedus, W.H. Darlington and C. E. Russell, J. Org. Chem. 1980,45, 
5193.
120. H. M. R. Hoffmann, A. R. Otte and A. Wilde, Angew. Chem. Int. Ed. Engl. 
1992,31,234; J. Chem. Soc. Chem. Commun. 1993, 615.
121. (a) M.D. Curtis, O. Eisenstein, Organometallics, 1984,3, 887. (b) S.G. 
Davies, M. L. H. Green, D. M. P. Mingos, Tetrahedron, 1978,34, 3047.
122. C. Carfagna, R. Galarina, K. Linn, J. A. Lopez, C. Mealli, A. Musco, 
Organometallics 1993,12, 3019.
123. A. Aranyos, K. J. Szabo, A. M. Castano, J-E. Backvall, Organometallics, 1987, 
16, 1058.
124. C. Carfagna, L. Mariana, A. Musco, G. Sallese, and R. Santi, J. Org. Chem. 
1991,56, 3924.
125. C. Carfagna, R. Galerini, A. Musco, and R. Santi, Organometallics 1991,10, 
3956.
126. M. G. Organ, M. Miller, Z. Konstantinou, J. Am. Chem. Soc. 1998,120, 9283.
153
127. C. R. Johnson and H. Sakaguchi, Synlett, 1992, 813; C. R. Johnson, J. P 
Adams, M. P. Braun, C. B. W. Senanayake, P. M. Wovulich, and M. R. Uskovic, 
Tetrahedron Lett. 1992,33, 917.
128. J. Allen, PhD. Thesis, University of Loughborough, 1995
129. C. J. Kowalski, A. E. Weber, K. W. Fields, J. Org. Chem. 1982, 47,5090.
130. R. Pretot, A. Pfaltz, Angew. Chem. Int. Ed. Engl. 1998,37, 323.
131. T. Hayashi, M. Kawatsurs, Y. Uozumi, J. Chem. Soc. Chem. Commim. 1997, 
561.
132. T.Hayashi, A. Yamamoto and T. Hagihara, J. Org. Chem. 1986, 51, 723.
133. A. Togni, Tetrahedron: Asymm. 1991,2, 683.
134. C. A. Tolman, Chem. Rev. 1977,77, 313.
135. M. M Rahman, H. Liu, K. Eriks, A. Prock, and W. P. Giering, Organometallics 
1989, 8,1.
136. M. Wada and S. Higashizaki, J. Chem. Soc., Chem. Commun. 1984,482.
137. B. Akermark, K. Zetterberg, S. Hansson, B. Krakenberger and A. Vitagliano,
J. Organomet. Chem. 1987,335, 133. M. Kranenburg, P. C. J.Kamer and P. W. 
N. M. Van Leeuwen, Eur. J. Inorg. Chem., 1998,25.
138. G. Carturan, M. Biasiolo, S. Daniele, G. A. Mazzocchin, P. Ugo, Inorganica 
ChimicaActa 1986,119,19.
139. G. C. Lloyd-Jones and S. C. Stephen, Chem. A Eur. Journal 1998,4,2539. B. 
M. Trost, R. C. Bunt, J. Am. Chem. Soc. 1996,118, 235.
140. Y. Tanigura, K. Nishimura, A. Kawasaki, and S. Murahashi, Tetrahedron. Lett. 
1982,23, 5549. J. P. Genet, M. Balabane, J-E. Backwall and J. E. Nystrom, 
Tetrahedron Lett. 1983,24,2745.
154
141. T. Uozumi, A. Tanahashi and T. Hayashi, J. Am. Chem. Soc. 1993,58,6826.
142. T. G. Attig, H. C. Clark,./. Organomet. Chem. 1975, 94, C49.
143. M. F. Lemanski and E. P. Scraum, Inorg. Chem., 1976,1489.
144. L. Malatesta and C. Cariello, J. Chem. Soc. A 1958,2323.
145. K. L. Laing, S. D.Robinson, M. F. Uttley, J. Chem. Soc. Dalton Trans. 1974, 
1205.
146. J. Lucas, Inorg. Synth. 1974,15, 79.
147. T. Hayashi, M. Sawamura and Y. Ito, Tetrahedron, 1992, 48,1999
148. J. P. Arabella, J. Org. Chem. 1977, 42, 2009.
149. J. Chatt, B. L. Shaw and A. A. Williams, J. Am .Chem. Soc. 1963, 3269.
150. N. Walker and D. Stewart, Acta Cryst. Sect. A 1983, 39,158,
151. G. M. Sheldrick, Acta Cryst. A 1990, 46,467.





All crystal structure determinations were kindly performed by 
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A crystal o f  approximate dimensions 0.25 x 0.25 x 0.2 mm was used for data collection.
Crystal data: C36H34N  O P Pt, M  =  722.70, Monoclinic , a = 9.388(1), b = 16.113(2), c = 
10.045(1) k , b  = 90.31(1)°, U = 1519.5(3) A3, space groupP2U Z = 2,DC= 1.580 gem'3, ro(Mo- 
Ka) = 4.699 mm'1, F(000) = 716. Crystallographic measurements were made at 293(2)° A  on a CAD4 
automatic four-circle diffractometer in the range 2.02<q<23.92°. Data (2486 reflections) were 
corrected for Lorentz and polarization and also for absorption.150 (Max. and Min absorption 
corrections; 1.00, 0.496 respectively). In the final least squares cycles all atoms were allowed to 
vibrate anisotropically. Hydrogen atoms were included at calculated positions where relevant. The 
solution o f  the structure (SHELX86)151 and refinement (SHELX93)152 converged to a conventional 
[i.e. based on 2099 F1 data with Fo>4s(Fo)] R1 = 0.0326 and wR2 = 0.0690. Goodness o f fit = 
1.016. The max. and min. residual densities were 1.133 and -1.058 eA'3 respectively. The asymmetric 
unit (shown in Fig. 2.17), along with the labelling scheme used was produced using ORTEX.60
Table 6.1. Crystal data and structure refinement for [(S)-PAN] PtPh2, (75)
Empirical formula C36H34N O P P t Index ranges -10<=h<=10; 
0<=k<=18; 0<=1<= 11
Formula weight 722.70 Reflections collected 2486
Temperature 293(2)°K Independent reflections 2486 [R(int) = 0.0000]
Wavelength 0.70930 A Absorption correction DIFABS
Crystal system Monoclinic Max. and min. transmission 1.00 and 0.496
Space group P2i Refinement method Full-matrix least-squares 
onF2
Unit cell dimensions a = 9.388(1)A Data /  restraints / 
parameters
2 4 86 / 1 /3 6 5
b = 16.113(2)A Goodness-of-fit on F2 1.016
b = 90.31(1)°
c = 10.045(1)A Final R indices [I>2s(I)] R1 =0.0326 wR2 = 
0.0690
Volume 1519.5(3) A3 R indices (all data) R1 = 0.0486 wR2 = 
0.0757
Z 2 Absolute structure 0.01(2)
parameter
1.133 and-1.058 eA'3Density (calculated) 1.580 Mg/m3 Largest diff. peak and hole
Absorption coefficient 4.699 mm'1 Weighting scheme calc
w= 1 /[ct2(Fo2)+(0 .0462P 
)2+0.0000P] where 
P=(Fo2+2Fc2)/3
F(000) 716 Extinction coefficient 0.0000(3)
Crystal size 0.25 x 0.25 x 0.2 mm Extinction expression Fc*=kFc[l+0.001xFc2l3/
sin(2q)]'1/4
Theta range for data 2.02 to 23.92 °.
collection
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Table 6.2. Atomic coordinates ( x 104) and equivalent isotropic displacement 
parameters (A2 x 103) for (75). U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor.
Atom X y z U(eq)
Pt(l) 1781(1) - ii(D 253(1) 37(1)
P(l) 2664(4) -536(2) -1693(3) 39(1)
N(l) 450(11) 705(8) -958(10) 45(3)
0(1) -1047(10) 1104(7) -2594(10) 58(3)
C(1) 70(14) 1583(9) -640(14) 51(4)
C(2) -1127(18) 1766(12) -1623(18) 73(5)
C(3) -161(13) 517(9) -2083(15) 41(3)
C(4) 1134(14) -792(9) -2722(13) 43(3)
C(5) -71(16) -263(8) -2832(16) 43(4)
C(6) -1218(16) -448(10) -3707(16) 58(4)
C(7) -1166(19) -1168(11) -4440(16) 67(5)
C(8) -45(18) -1690(10) -4372(18) 68(4)
C(9) 1087(15) -1490(9) -3504(14) 51(3)
C(10) 3673(11) 181(7) -2731(11) 34(4)
C (ll) 3749(13) 56(25) -4103(11) 60(4)
0(12) 4573(18) 674(11) -4815(16) 68(5)
C(13) 5305(17) 1262(10) -4210(20) 67(5)
C(14) 5271(21) 1315(15) -2825(22) 68(6)
C(15) 4445(15) 797(8) -2085(13) 47(3)
C(16) 3721(13) -1485(9) -1719(12) 42(3)
C(17) 3276(16) -2147(10) -972(16) 58(4)
C(18) 3998(19) -2905(11) -971(18) 71(5)
C(19) 5282(18) -2950(11) -1658(17) 66(5)
C(20) 5763(19) -2291(12) -2352(22) 83(6)
C(21) 4981(22) -1556(13) -2399(25) 68(7)
C(22) 3072(14) -642(8) 1485(13) 39(3)
C(23) 4550(16) -561(9) 1404(15) 52(4)
C(24) 5450(17) -952(10) 2370(17) 58(4)
C(25) 4912(16) -1448(10) 3327(15) 55(4)
C(26) 3462(16) -1542(9) 3418(14) 52(4)
C(27) 2567(14) -1125(9) 2530(13) 45(3)
C(28) 707(14) 432(9) 1876(12) 44(3)
C(29) 1340(15) 821(9) 2963(12) 46(3)
C(30) 559(20) 1105(12) 4018(16) 74(5)
C(31) -917(18) 1071(10) 4019(17) 65(4)
C(32) -1573(16) 677(11) 2970(15) 62(4)
C(33) -807(15) 359(10) 1885(14) 58(4)
C(34) 1330(16) 2158(10) -757(16) 58(4)
C(35) 1054(24) 2998(13) -37(24) 95(7)
C(36) 1786(25) 2313(14) -2176(22) 97(7)
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Table 6.3. Bond lengths [A] and angles [°] for (75).
Pt(l)-C(22) 2.006(13) C(10)-P(l)-Pt(l) 116.5(4)
Pt(l)-C(28) 2.050(12) C(3)-N(l)-C(l) 107.6(12)
Ptd)-N(l) 2.086(11) C(3)-N(l)-Pt(l) 129.6(10)
Pt(l)-P(l) 2.289(3) C(l)-N(l)-Pt(l) 122.8(8)
P(l)-C(4) 1.813(14) C(3)-0(l)-C(2) 107.0(11)
P(l)-C(16) 1.824(14) N(l)-C(l)-C(34) 112.2(11)
P(l)-C(10) 1.825(11) N(l)-C(l)-C(2) 102.8(12)
N(l)-C(3) 1.30(2) C(34)-C(l)-C(2) 114.0(14)
N(l)-C(l) 1.49(2) 0(1)-C(2)-C(1) 104.7(12)
0(1)-C(3) 1.36(2) N(l)-C(3)-0(1) 115.6(13)
0(1)-C(2) 1.45(2) N(l)-C(3)-C(5) 128.3(13)
C(l)-C(34) 1.51(2) 0(1)-C(3)-C(5) 116.1(12)
C(l)-C(2) 1.52(2) C(9)-C(4)-C(5) 115.1(13)
C(3)-C(5) 1.47(2) C(9)-C(4)-P(l) 122.4(11)
C(4)-C(9) 1.37(2) C(5)-C(4)-P(l) 122.4(10)
C(4)-C(5) 1.42(2) C(4)-C(5)-C(6) 121.6(12)
C(5)-C(6) 1.42(2) C(4)-C(5)-C(3) 121.4(13)
C(6)-C(7) 1.37(2) C(6)-C(5)-C(3) 116.9(13)
C(7)-C(8) 1.35(2) C(7)-C(6)-C(5) 118.7(14)
C(8)-C(9) 1.41(2) C(8)-C(7)-C(6) 122(2)
C(10)-C(15) 1.39(2) C(7)-C(8)-C(9) 118(2)
C(10)-C(ll) 1.39(2) C(4)-C(9)-C(8) 124.3(14)
C(ll)-C(12) 1.45(3) C(15)-C(10)-C(ll) 122(2)
C(12)-C(13) 1.32(2) C(15)-C(10)-P(l) 117.1(9)
C(13)-C(14) 1.39(3) C(ll)-C(10)-P(l) 120(2)
C(14)-C(15) 1.36(3) C(10)-C(ll)-C(12) 115(2)
C(16)-C(17) 1.37(2) C(13)-C(12)-C(ll) 123(2)
C(16)-C(21) 1.37(2) C(12)-C(13)-C(14) 119(2)
C(17)-C(18) 1.40(2) C(15)-C(14)-C(13) 122(2)
C(18)-C(19) 1.39(2) C( 14)-C( 15 )-C( 10) 119(2)
C(19)-C(20) 1.35(2) C(17)-C(16)-C(21) 118.3(14)
C(20)-C(21) 1.39(3) C(17)-C(16)-P(l) 118.5(10)
C(22)-C(27) 1.39(2) C(21)-C(16)-P(l) 123.1(12)
C(22)-C(23) 1.40(2) C(16)-C(17)-C(18) 122.1(14)
C(23)-C(24) 1.43(2) C(17)-C(18)-C(19) 118(2)
C(24)-C(25) 1.35(2) C(20)-C(19)-C(18) 121(2)
C(25)-C(26) 1.37(2) C( 19)-C(20)-C(21) 121(2)
C(26)-C(27) 1.40(2) C(16)-C(21)-C(20) 121(2)
C(28)-C(29) 1.39(2) C(27)-C(22)-C(23) 116.1(12)
C(28)-C(33) 1.43(2) C(2 7)-C(22)-Pt( 1) 122.8(10)
C(29)-C(30) 1.37(2) C(23)-C(22)-Pt(l) 120.9(10)
C(30)-C(31) 1.39(2) C(22)-C(23)-C(24) 120.2(13)
C(31)-C(32) 1.37(2) C(25)-C(24)-C(23) 122(2)
C(32)-C(33) 1.40(2) C(24)-C(25)-C(26) 119.2(14)
C(34)-C(36) 1.51(2) C(25)-C(26)-C(27) 119.9(14)
C(34)-C(35) 1.56(3) C(22)-C(27)-C(26) 123.0(13)
C(29)-C(28>C(33) 116.9(12)
C(22)-Pt(l)-C(28) 89.1(5) C(29)-C(28)-Pt(l) 124.9(10)
C(22)-Pt(l)-N(l) 176.7(5) C(3 3)-C(28)-Pt( 1) 118.1(10)
C(28)-Pt(l)-N(l) 88.6(4) C(30)-C(29)-C(28) 122(2)
C(22)-Pt(l)-P(l) 96.8(4) C(29)-C(30)-C(31) 122(2)
C(28)-Pt(l)-P(l) 171.8(4) C(32)-C(31)-C(30) 117.5(14)
N(l)-Pt(l)-P(l) 85.7(3) C(31)-C(32>C(33) 122.3(14)
C(4)-P(l)-C(16) 103.3(6) C(32)-C(33)-C(28) 119.3(14)
C(4)-P(l)-C(10) 103.3(5) C(l)-C(34)-C(36) 113.7(14)
C(16)-P(l)-C(10) 103.8(6) C(l)-C(34)-C(35) 111.4(14)
C(4)-P(l)-Pt(l) 106.3(4) C(36)-C(34)-C(35) 110(2)
C(16)-P(l)-Pt(l) 121.4(4)
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Table 6.4. Anisotropic displacement parameters (A2 x 103) for (75). 
The anisotropic displacement factor exponent takes the form:
-2 pi2 [h2 a* 2 U ll + ... + 2 h k a* b* U12 ]
Atom U ll U22 U33 U23 U13 U12
Pt(l) 38(1) 38(1) 37(1) -1(1) 0(1) 2(1)
P(l) 40(2) 40(2) 38(2) -1(2) 3(1) 3(2)
N(l) 35(6) 56(8) 43(6) -13(6) 5(5) 5(5)
0(1) 45(5) 64(7) 64(6) -5(5) -11(5) 14(5)
C(l) 50(8) 54(9) 49(7) -4(7) 5(6) 29(7)
C(2) 61(10) 67(11) 91(12) -22(10) -21(9) 25(9)
0(3) 29(6) 40(8) 54(8) 2(7) 2(6) -8(6)
C(4) 44(7) 44(8) 41(7) -6(6) 13(6) -21(6)
C(5) 54(9) 33(9) 41(7) -2(5) 0(7) -6(5)
C(6) 41(8) 64(9) 69(10) -6(8) -7(7) 1(7)
0(7) 74(11) 64(11) 62(10) -4(8) -26(8) -23(9)
0(8) 69(11) 50(9) 84(11) -16(9) -12(9) 7(8)
0(9) 50(8) 42(8) 60(8) -7(7) -14(7) 1(7)
0(10) 39(5) 17(12) 47(6) 4(5) 2(4) 1(5)
0(11) 65(7) 70(10) 45(6) -29(16) 6(5) -3(19)
0(12) 76(11) 71(12) 59(9) 11(9) 27(8) -5(10)
0(13) 47(8) 58(10) 95(13) 31(10) 2(8) -17(8)
0(14) 49(11) 69(15) 87(15) 24(12) -19(10) -10(10)
0(15) 54(8) 41(8) 46(7) -6(6) -13(6) -7(7)
0(16) 42(7) 47(8) 38(6) 0(6) -4(5) 2(6)
0(17) 48(8) 51(9) 75(10) 14(8) 10(7) 6(7)
0(18) 78(11) 54(10) 81(11) 9(9) 23(9) 11(9)
0(19) 69(10) 57(10) 72(10) -5(9) 0(8) 36(9)
C(20) 60(10) 66(12) 124(16) 11(12) 34(11) 15(9)
0(21) 59(11) 38(11) 107(16) 10(10) 29(10) 11(9)
C(22) 40(7) 29(7) 50(7) -6(6) -3(6) 2(6)
C(23) 65(10) 36(8) 57(8) 0(7) 14(7) -4(7)
0(24) 52(9) 41(8) 80(11) 0(8) -16(8) 6(7)
0(25) 61(9) 46(9) 58(9) 4(7) -16(7) 18(8)
0(26) 67(10) 40(8) 49(8) 3(6) -9(7) 17(7)
0(27) 40(7) 42(8) 53(8) -10(7) 12(6) -3(6)
0(28) 43(7) 55(8) 35(6) 4(6) 11(5) 9(6)
C(29) 55(8) 45(8) 39(7) -4(6) -7(6) 7(7)
C(30) 95(14) 72(12) 55(9) -16(9) 8(9) 15(10)
0(31) 69(10) 58(10) 70(10) -7(8) 23(8) 14(8)
C(32) 47(8) 78(11) 63(9) -1(9) 27(7) 19(8)
C(33) 51(8) 64(10) 60(8) -3(7) 12(6) 2(7)
0(34) 44(8) 56(9) 74(10) -3(8) -12(7) 0(7)
0(35) 92(14) 67(13) 125(18) -21(12) -28(13) 10(11)
C(36) 107(16) 78(14) 107(15) 21(12) 31(13) -3(12)
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Table 6.5. Hydrogen coordinates ( x 104) and isotropic 
displacement parameters (A2 x 103) for (75).
Atom X y z U(eq)
H(l) -303(14) 1610(9) 268(14) 61
H(2A) -2043(18) 1764(12) -1181(18) 88
H(2B) -988(18) 2302(12) -2043(18) 88
H(6) -1991(16) -90(10) -3783(16) 70
H(7) -1925(19) -1298(11) -5001(16) 80
H(8) -21(18) -2170(10) -4885(18) 81
H(9) 1853(15) -1855(9) -3458(14) 61
H (ll) 3306(13) -388(25) -4528(11) 72
H(12) 4584(18) 653(11) -5740(16) 82
H(13) 5840(17) 1638(10) -4702(20) 80
H(14) 5824(21) 1714(15) -2396(22) 82
H(15) 4399(15) 855(8) -1165(13) 57
H(17) 2467(16) -2090(10) -450(16) 70
H(18) 3635(19) -3364(11) -526(18) 86
H(19) 5811(18) -3438(11) -1638(17) 79
H(20) 6623(19) -2327(12) -2803(22) 100
H(21) 5315(22) -1109(13) -2894(25) 82
H(23) 4950(16) -252(9) 719(15) 63
H(24) 6428(17) -863(10) 2338(17) 69
H(25) 5516(16) -1722(10) 3918(15) 66
H(26) 3078(16) -1884(9) 4069(14) 63
H(27) 1587(14) -1170(9) 2643(13) 54
H(29) 2323(15) 891(9) 2975(12) 56
H(30) 1031(20) 1327(12) 4753(16) 89
H(31) -1444(18) 1306(10) 4704(17) 78
H(32) -2558(16) 617(11) 2978(15) 75
H(33) -1283(15) 105(10) 1181(14) 70
H(34) 2132(16) 1890(10) -299(16) 70
H(35A) 1685(126) 3413(28) -383(119) 142
H(35B) 1221(178) 2933(29) 900(31) 142
H(35C) 85(56) 3166(55) -186(145) 142
H(36A) 2705(87) 2575(99) -2178(22) 146
H(36B) 1105(102) 2669(90) -2607(58) 146
H(36C) 1837(182) 1795(18) -2645(53) 146
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X-Ray crystal structure determination of [(S)-PAN]Pt(Me)CI, (76)
C{7)
C(3)
A crystal o f approximate dimensions 0.25 x 0.25 x 0.25 mm was used for data collection.
Crystal data: C28.1 0 H2 7 CI N O P Pt, M  = 656.22, Monoclinic , a = 9.697(3), b = 9.740(2), 
c = 14.739(4) k , a  90, b = 101.75(3), g = 90°, U = 1362.9(6) A3, space group P2\, Z = 2,DC = 
1 .599 gem'3, m(Mo-Ka) = 5.324 mm'1, F(0 0 0 ) = 641. Crystallographic measurements were made at 
293(2)° K on a CAD4 automatic four-circle diffractometer in the range 2 .14<q<23.92°. Data (2266 
reflections) were corrected for Lorentz and polarization and also for absorption.150 (Max. and Min 
absorption corrections; 1.000, 0.327 respectively).
In the final least squares cycles all atoms were allowed to vibrate anisotropically. Hydrogen 
atoms were included at calculated positions where relevant.
Despite reasonable R factors, this is not a high quality crystal structure. However, no 
problems were evident prior to, or during the data collection procedure. The refinement was partially 
hampered by a fragment of disordered solvent in the asymmetric unit, which could not be successlully 
modelled. Eventually, peaks in this area o f the electron density map were treated as partial carbon 
atoms which were isotropically refined.
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Phenyl rings were refined as rigid hexagons, primarily because o f shift/esd values pertaining 
to the ring containing carbons Cl 7-22. In particular, the positions o f carbons Cl 8 and C19 did not 
converge as well as expected in the absence o f  any restraints. This was surprising as crystal quality 
was good, and the data collection procedure was trouble free. Smearing o f the electron density in the 
proximity o f  C18 and C19 was evident in early Difference Fourier maps, prior to any correction for 
absorption. In fact, the program used for refinement o f  this structure suggested that these carbon 
positions should be split between 2 sites which were not structurally meaningful. Hence, this strategy 
was abandoned.
However, it is reasonable to suggest that there is probably some minor disorder within this phenyl 
ring, given the larger than average thermal parameters o f the atoms therein.
The solution o f  the structure (SHELX86)151 and refinement (SHELX93)152 converged to a 
conventional [i.e. based on 1773 F2 data with Fo>4s(Fo)] RJ = 0.0461 and wR2 = 0.1283. Goodness 
o f  fit = 1.070. The max. and min. residual densities were 1.012 and -0.757 eA'3 respectively. The 
asymmetric unit (shown in Fig. 2.18), along with the labelling scheme used was produced using 
ORTEX.60 Final fractional atomic co-ordinates and isotropic thermal parameters, bond distances and 
angles are given in the supplementary data.
Table 6.6. Crystal data and structure refinement for [(S-PAN)Pt(Me)Cl, (76).
Empirical formula C28.10 h 27 Cl N  O P Pt Index ranges -11 <=h<= 10; 
0<=k<=l 1; 0<=1<=16
Formula weight 656.22 Reflections collected 2266
Temperature 293(2)°K Independent reflections 2266 [R(int) = 0.0000]
Wavelength 0.70930 A Absorption correction DIFABS
Crystal system Monoclinic Max. and min. transmission 1.000 and 0.327
Space group P2i Refinement method Full-matrix least-squares 
onF2
Unit cell dimensions a = 9.697(3)A Data / restraints / 2262 /  1 /  236
b = 9.740(2)A
parameters
Goodness-of-fit on F2 1.070
b =  101.75(3)°
c = 14.739(4)A Final R indices [I>2s(I)] R l=  0.0461 wR2 = 
0.1283
Volume 1362.9(6) A3 R indices (all data) R1 = 0.0690 wR2 = 
0.1473
Z 2 Absolute structure 
parameter
-0.01(3)
Density (calculated) 1.599 Mg/m3 Largest diff. peak and hole 1.012 and -0.757 eA'3





Crystal size 0.25 x 0.25 x 0.25 mm
Theta range for data 2.14 to 23.92 0
collection
164
Table 6.7. Atomic coordinates ( x 104) and equivalent isotropic displacement 
parameters (A2 x 103) for (76). U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor.
Atom X y z U(eq)
Pt(l) 3539(1) 7818(2) 2977(1) 46(1)
P(D 5750(4) 7859(19) 2872(3) 46(1)
Cl(l) 1165(5) 7717(21) 3112(5) 74(3)
N(l) 3884(19) 5789(18) 3518(11) 53(4)
0(1) 4857(17) 4001(16) 4271(11) 67(4)
C(l) 3107(18) 9799(21) 2398(16) 54(5)
C(2) 2725(23) 4671(26) 3321(17) 69(7)
C(3) 3392(30) 3551(28) 3927(18) 88(8)
C(4) 5008(22) 5263(24) 4000(15) 54(5)
C(5) 6351(10) 5870(14) 4269(9) 54(6)
C(6) 7238(14) 5218(13) 5002(9) 56(6)
C(7) 8627(13) 5647(15) 5279(8) 79(8)
C(8) 9131(10) 6727(16) 4822(10) 60(6)
C(9) 8244(13) 7379(13) 4089(9) 59(6)
C(10) 6855(12) 6951(13) 3812(7) 40(5)
C (ll) 6584(13) 9571(13) 2966(12) 58(6)
C(12) 6487(16) 10357(17) 3738(10) 77(8)
0(13) 7038(17) 11678(16) 3828(11) 78(8)
C(14) 7688(18) 12214(13) 3148(14) 82(8)
C(15) 7785(21) 11428(18) 2376(13) 103(11)
0(16) 7233(19) 10106(18) 2285(11) 126(15)
0(17) 6147(13) 7094(13) 1849(9) 58(6)
0(18) 7355(12) 6331(17) 1838(11) 95(11)
0(19) 7538(16) 5707(17) 1022(14) 143(16)
C(20) 6513(22) 5848(20) 218(11) 131(15)
0(21) 5305(19) 6611(20) 229(8) 158(20)
C(22) 5122(14) 7234(14) 1045(10) 94(10)
C(23) 2240(17) 4416(23) 2279(13) 84(8)
0(24) 3615(19) 3765(16) 1959(12) 138(16)
0(25) 660(23) 3632(29) 2017(22) 233(34)
C(26) 1197(22) 7898(33) 321(13) 138(11)
C(27) -580(21) 7956(29) 905(16) 230(31)
C(28) -421(21) 9709(29) 308(15) 108(10)
C(29) 359(21) 7949(30) 673(14) 106(19)
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Table 6.8. Bond lengths [A] and angles [°] f°r (76).
Pt(l)-C(l) 2.12(2) C(l)-Pt(l)-N(l) 177.3(7)
Pt(l)-N(l) 2.13(2) C(l)-Pt(l)-P(l) 94.1(7)
Pt(l)-P(l) 2.181(4) N(l)-Pt(l)-P(l) 87.8(7)
Pt(l)-Cl(l) 2.352(5) C(l)-Pt(l)-Cl(l) 87.5(7)
P(l)-C(17) 1.792(14) N(l)-Pt(l)-Cl(l) 90.7(7)
P(l)-C(10) 1.80(2) P(l)-Pt(l)-Cl(l) 178.4(8)
P(l)-C(ll) 1.85(2) C(17)-P(l)-C(10) 104.3(10)
N(l)-C(4) 1.28(3) C(17)-P(l)-C(ll) 105.8(8)
N(l)-C(2) 1.55(3) C(10)-P(l)-C(ll) 101.7(7)
0(I)-C(4) 1.31(3) C(17)-P(l)-Pt(l) 115.8(5)
0(1)-C(3) 1.47(3) C(10)-P(l)-Pt(l) 112.1(6)
C(2)-C(3) 1.47(3) C(ll)-P(l)-Pt(l) 115.7(9)
C(2)-C(23) 1.53(3) C(4)-N(l)-C(2) 109(2)
C(4)-C(5) 1.41(2) C(4>N(1)-Pt(l) 129(2)
C(23)-C(24) 1.63 C(2)-N(l)-Pt(l) 121.9(14)
C(23)-C(25) 1.68(2) C(4)-0(l)-C(3) 110(2)
C(26)-C(29) 1.05 C(3)-C(2)-C(23) 120(2)
C(27)-C(29) 1.04 C(3)-C(2)-N(l) 101(2)
C(27)-C(28) 1.942(3) C(23)-C(2)-N(l) 111(2)






















Symmetry transformations used to generate equivalent atoms:
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Table 6.9. Anisotropic displacement parameters (A2 x 103) for (76). 
The anisotropic displacement factor exponent takes the form:


























































































































































































































Table 6.10. Hydrogen coordinates ( x 104) and isotropic 
displacement parameters (A2 x 103) for (76).
Atom X y z U(eq)
H(1A) 3103(153) 9766(38) 1746(26) 81
H(1B) 3819(89) 10428(38) 2695(73) 81
H(1C) 2202(72) 10100(66) 2490(91) 81
H(2) 1913(23) 4999(26) 3560(17) 83
H(3A) 3368(30) 2699(28) 3583(18) 106
H(3B) 2914(30) 3412(28) 4438(18) 106
H(6) 6901(19) 4496(16) 5308(12) 68
H(7) 9220(17) 5210(21) 5770(11) 95
H(8) 10060(11) 7013(22) 5007(13) 72
H(9) 8581(18) 8101(17) 3783(13) 71
H(12) 6052(24) 9998(23) 4193(13) 92
H(13) 6973(26) 12204(22) 4345(14) 94
H(14) 8057(25) 13098(15) 3209(19) 99
H(15) 8220(30) 11786(25) 1921(16) 123
H(16) 7299(28) 9580(24) 1769(13) 151
H(18) 8040(12) 6237(23) 2376(13) 115
H(19) 8346(19) 5197(20) 1015(20) 171
H(20) 6635(28) 5431(25) -328(13) 158
H(21) 4620(22) 6705(26) -309(8) 189
H(22) 4314(15) 7745(15) 1052(14) 113
H(23) 2102(14) 5326(23) 1991(15) 100
H(24A) 3379(98) 2881(144) 1682(201) 207
H(24B) 4367(111) 3667(305) 2490(37) 207
H(24C) 3908(204) 4363(162) 1516(166) 207
H(25A) 652(32) 2862(44) 2422(40) 350
H(25B) 491(24) 3320(42) 1386(30) 350
H(25C) -64(25) 4268(35) 2093(17) 350
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A crystal o f  approximate dimensions 0.25 x 0.25 x 0.15 mm was used for data collection. [Crystal 
data: C2 4 H2 4 CI2 N  O P Pt, M  = 639.40, Monoclinic, a = 9.997(3), b = 12.855(2), c = 10.545(2) A , 
£= 112 .10 (2 )°, U = 1255.6(5) A3, space group P2U Z  = 2, Dc = 1.691 gem'3, /<M o-Ka) = 5.879 
mm'1, F(000) = 620.] Crystallographic measurements were made at 293(2)° K  on a CAD4 automatic 
four-circle diffractometer in the range 2.08<G<23.93°. Data (2063 reflections) were corrected for 
Lorentz and polarization and also for absorption. 150 (Maximum and Minimum absorption 
corrections; 1.000, 0.246 respectively). In the final least squares cycles all atoms were allowed to 
vibrate anisotropically. Hydrogen atoms were included at calculated positions where relevant. The 
solution o f  the structure (SHELX8 6 ) 151 and refinement (SHELX93) [152 converged to a conventional 
[i.e. based on 1846 with Fo>4a(Fo)] R1 = 0.0495 and wR2 = 0.1394. Goodness o f fit = 1.019. The 
max. and min. residual densities were 2.821 and -2.385eA'3 respectively. The asymmetric unit (shown 
in Fig. 3.23), along with the labelling scheme used was produced using ORTEX. 60
Table 6.11. Crystal data and structure refinement for (66).
Empirical formula C2 4 H2 4 CI2 N O P Pt Theta range for data 
collection
2.08 to 23.93°
Formula weight 639.40 Index ranges - 1 1  <=h<= 1 0 ; 
0<=k<=14; 0 <=1 < = 1 2
Temperature 293(2)°K Reflections collected 2063
Wavelength 0.71069 A Independent reflections 2063 [R(int) = 0.0000]
Ciystal system Monoclinic Absorption correction DIFABS
Space group P2i Max. and min. transmission 1.000 and 0.246
Unit cell dimensions a = 9.997(3) A Refinement method Full-matrix least-squares 
on F2
b = 12.855(2)A Data / restraints / 2062 / 1 /  274
P= 1 1 2 . 1 0 (2 )° parameters
c =  10.545(2)A Goodness-of-fit on F2 1.019
Volume 1255.6(5) A3 Final R indices [I>2o(I)] R1 = 0.0495 wR2 = 
0.1394
Z 2 R indices (all data) R1 =0.0601 wR2 = 
0.1602
Density (calculated) 1.691 Mg/m 3 Abs. Structure parameter -0.01(3)
Absorption coefficient 5.879 mm ' 1 Largest diff. peak and hole 2.821 and -2.385 eA*3
F(000) 620 Weighting scheme calc
w = l/[a 2(Fo2)+(0.1220P 
)2+ 5.7835P] where 
P=(Fo2+2Fc2)/3
Crystal size 0.25 x 0.25 x 0.15 mm Extinction coefficient 0.0006(8)
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Table 6.12. Atomic coordinates ( x 104) and equivalent isotropic displacement 
parameters (A2 x 103) for (66). U(eq) is defined as one third of the trace of the 
orthogonalized Uij tensor.
Atom X y z U(eq)
P t(l) 2866(1) 7837(1) 9790(1) 32(1)
0 ( 1 ) 2038(6) 8990(5) 10974(5) 46(1)
0 ( 2 ) 4671(7) 7301(5) 11877(6) 53(1)
P (l) 1280(5) 8404(4) 7844(5) 31(1)
0 (1 ) 3947(23) 5863(15) 7144(21) 63(5)
N (l) 3517(16) 6750(14) 8784(18) 35(4)
C (l) 3499(24) 6757(19) 7558(25) 44(5)
0(2) 4506(33) 5215(23) 8318(32) 64(8)
0 (3) 3966(25) 5673(19) 9378(28) 49(6)
0 (4) 2962(26) 7556(19) 6495(24) 49(8)
0 (5) 3492(33) 7484(22) 5406(27) 56(7)
0 (6) 3068(31) 8203(30) 4415(31) 80(13)
0 (7) 2045(30) 9013(24) 4394(25) 58(7)
0(8) 1541(25) 9051(18) 5439(22) 42(5)
0 (9) 2007(24) 8321(19) 6510(22) 40(5)
0(10) 790(25) 9779(17) 7826(23) 39(5)
0(11) 1785(28) 10515(17) 8051(30) 49(7)
0(12) 1510(38) 11568(24) 8102(32) 66(8)
0(13) 93(45) 11804(24) 7966(37) 80(10)
0(14) -916(35) 11095(23) 7778(34) 65(8)
0(15) -627(29) 10045(25) 7676(27) 57(7)
0(16) -343(23) 7612(14) 7215(22) 43(6)
0(17) -836(25) 7217(23) 8205(29) 54(7)
0(18) -2068(35) 6618(23) 7782(33) 65(7)
0(19) -2846(35) 6437(25) 6504(45) 78(10)
C(20) -2455(37) 6871(32) 5494(39) 87(12)
0(21) -1174(35) 7511(30) 5866(31) 84(12)
C(22) 2812(30) 5130(18) 9631(32) 61(9)
C(23) 1525(40) 4810(29) 8270(46) 85(12)
0(24) 3428(46) 4138(27) 10488(44) 90(12)
171
Table 6.13. Bond lengths [A] and angles [°] for (66).
Pt(l)-N(l) 2.01(2) C(9)-P(l)-Pt(l) 110.3(7)
Pt(l)-Pd) 2.192(5) C(16)-P(l)-Pt(l) 112.8(7)
Ptd)-Cl(l) 2.284(6) C(10)-P(l)-Pt(l) 115.2(8)
Pt(l)-Cl(2) 2.363(6) C(l)-0(1)-C(2) 107(2)
Pd)-C(9) 1.81(2) C(l)-N(l)-C(3) 108(2)
P(l)-C(16) 1.82(2) C(l)-N(l)-Pt(l) 130(2)
P(l)-C(10) 1.83(2) C(3)-N(l)-Pt(l) 122(2)
0(1)-C(1) 1.36(3) N(l)-C(l)-0(1) 116(2)
0(1)-C(2) 1.42(4) N(l)-C(l)-C(4) 130(2)
Nd)-C(l) 1.29(3) 0(1)-C(1)-C(4) 115(2)
N(l)-C(3) 1.52(3) 0(1)-C(2)-C(3) 106(2)
C(l)-C(4) 1.47(3) C(22)-C(3)-N(l) 112(2)
C(2)-C(3) 1.53(4) C(22)-C(3)-C(2) 118(2)
C(3)-C(22) 1.46(3) N(l)-C(3)-C(2) 100(2)
C(4)-C(9) 1.37(3) C(9)-C(4)-C(5) 121(2)
C(4)-C(5) 1.44(3) C(9)-C(4)-C(l) 123(2)
C(5)-C(6) 1.34(4) C(5)-C(4)-C(l) 115(2)
C(6)-C(7) 1.45(4) C(6)-C(5)-C(4) 118(3)
C(7)-C(8) 1.37(4) C(5)-C(6)-C(7) 121(2)
C(8)-C(9) 1.41(3) C(8)-C(7)-C(6) 119(2)
C(10)-C(ll) 1.33(3) C(7)-C(8)-C(9) 121(2)
C(10)-C(15) 1.41(3) C(4)-C(9)-C(8) 119(2)
C(ll)-C(12) 1.39(4) C(4)-C(9)-P(l) 122(2)
C(12)-C(13) 1.40(5) C(8)-C(9)-P(l) 118(2)
C(13)-C(14) 1.32(5) C(ll)-C(10)-C(15) 120(2)
C(14)-C(15) 1.39(4) C(ll)-C(10)-P(l) 120(2)
C(16)-C(21) 1.36(4) C(15)-C(10)-P(l) 119(2)
C(16)-C(17) 1.41(3) C(10)-C(ll)-C(12) 124(3)
C(17)-C(18) 1.38(4) C(ll)-C(12)-C(13) 115(3)
C(18)-C(19) 1.30(5) C( 14)-C( 13)-C( 12) 124(3)
C(19)-C(20) 1.38(5) C(13)-C(14)-C(15) 121(3)
C(20)-C(21) 1.45(4) C(14)-C(15)-C(10) 117(3)
C(22)-C(24) 1.55(4) C(21)-C(16)-C(17) 120(2)
C(22)-C(23) 1.58(5) C(21)-C(16)-P(l) 123(2)
C(17)-C(16)-P(l) 117(2)
Nd)-Ptd)-P(l) 90.0(5) C(18)-C(17)-C(16) 119(3)
N(l)-Pt(l)-Cl(l) 176.1(5) C(19)-C(18)-C(17) 123(3)
Pd)-Pt(l)-Cl(l) 90.8(2) C(18)-C(19)-C(20) 120(3)
N(l)-Pt(l)-Cl(2) 90.2(5) C( 19)-C(20)-C(21) 120(3)
P(l)-Pt(l)-Cl(2) 176.6(2) C(16)-C(21)-C(20) 118(3)
Cld)-Ptd)-Cl(2) 89.2(2) C(3)-C(22)-C(24) 109(2)
C(9)-P(l)-C(16) 104.3(11) C(3)-C(22)-C(23) 113(3)
C(9)-P(l)-C(10) 103.4(10) C(24)-C(22)-C(23) 109(3)
C(16)-P(l)-C(10) 109.7(10)
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Table 6.14. Anisotropic displacement parameters (A2 x 103) for (66). 
The anisotropic displacement factor exponent takes the form:



























































































































































































































Table 6.15. Hydrogen coordinates ( x 104) and isotropic displacement 
parameters (A2 x 103) for (66).
Atom X y z U(eq)
H(2A) 5553(33) 5211(23) 8669(32) 77
H(2B) 4163(33) 4507(23) 8093(32) 77
H(3) 4790(25) 5743(19) 10249(28) 59
H(5) 4114(33) 6951(22) 5389(27) 67
H(6) 3436(31) 8184(30) 3726(31) 96
H(7) 1738(30) 9496(24) 3686(25) 69
H(8) 885(25) 9564(18) 5438(22) 51
H (ll) 2721(28) 10312(17) 8181(30) 58
H(12) 2208(38) 12076(24) 8218(32) 79
H(13) -148(45) 12498(24) 8011(37) 96
H(14) -1833(35) 11299(23) 7713(34) 78
H(15) -1340(29) 9541(25) 7515(27) 69
H(17) -338(25) 7358(23) 9129(29) 64
H(18) -2358(35) 6328(23) 8446(33) 78
H(19) -3662(35) 6018(25) 6270(45) 94
H(20) -3015(37) 6752(32) 4576(39) 105
H(21) -928(35) 7844(30) 5201(31) 101
H(22) 2434(30) 5589(18) 10160(32) 74
H(23A) 771(141) 5320(130) 8059(173) 128
H(23B) 1157(220) 4144(114) 8391(113) 128
H(23C) 1866(83) 4773(227) 7533(80) 128
H(24A) 3632(312) 3626(90) 9923(89) 134
H(24B) 2733(140) 3865(139) 10827(268) 134
H(24C) 4301(183) 4309(53) 11244(179) 134
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Crystal structure determination for [(S)-PANlPdCI2, (156)
A crystal o f  approximate dimensions 0.3 x 0.3 x 0.3 mm was used for data collection.
Crystal data: C25H26Cl4 N  O P P d ,M =  635.64, Monoclinic, a = 10.218(4), b = 12.815(2), c = 
10.729(3) A, |3 = 111.27(3)°, U = 1309.2(7) A3, space groupP2X, Z = 2, = 1.612 gem'3, /<Mo-
Ka) = 1.197 mm'1, F(000) = 640. Crystallographic measurements were made at 293(2) K  on a CAD4 
automatic four-circle diffractometer in the range 2.03<6<23.91°. Data (2336 reflections) were 
corrected for Lorentz, polarization and 8% decay of the crystal in the X-ray beam but not for 
absorption. The asymmetric unit was seen to consist o f  one molecule o f  the palladium complex and 
one molecule o f dichloromethane. In the final least squares cycles all atoms were allowed to vibrate 
anisotropically. Hydrogen atoms were included at calculated positions where relevant. The solution o f  
the structure (SHELX86)151 and refinement (SHELX93)1152 converged to a conventional [i.e. based 
on 1932 F1 data with Fo>4c(Fo)] R1 = 0.0484 and wR2 = 0.1173. Goodness o f  fit = 1.127. The 
maximum and minimum residual densities were 1.301 and -0.632 eA'3 respectively. The asymmetric 
unit (shown in Fig. 3.24), along with the labelling scheme used was produced using ORTEX.60
Table 6.16. Crystal data and structure refinement for (156).
Empirical formula C2 5 H2 6  CI4 N  O P Pd Theta range for data 
collection
2.03 to 23.91 °.
Formula weight 635.64 Index ranges -ll<=h<=0; -14<=k<=0; 
- 1 1 <=1 < = 1 2
Temperature 293(2)°K Reflections collected 2336
Wavelength 0.71069 A Independent reflections 2159 [R(int) = 0.0189]
Crystal system Monoclinic Refinement method Full-matrix least-squares 
onF 2
Space group P2i Data / restraints / 2 1 5 1 / 1 / 3 0 0
a =  10.218(4)A
parameters
Unit cell dimensions Goodness-of-fit on F2 1.127
b = 12.815(2)A Final R indices [I>2a(I)] R1 = 0.0484
b =  111.27(3)° wR2 = 0.1173
c = 10.729(3)A R indices (all data) R1 = 0.0623 
wR2 = 0.1385
Volume 1309.2(7) A3 Abs. structure parameter 0 . 0 0
Z 2 Largest diff. peak and hole 1.301 and -0.632 eA '3







Crystal size 0.3 x 0.3 x 0.3 mm
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Table 6.17. Atomic coordinates ( x 104) and equivalent isotropic 
displacement parameters (A2 x 103) for (156). U(eq) 
is defined as one third of the trace of the orthogonalized Uij tensor.
Atom X y z U(eq)
Pd(l) 2958(1) 6031(1) 5037(1) 32(1)
Cl(l) 4698(3) 5561(3) 7127(3) 52(1)
Cl(2) 1960(3) 7154(2) 6102(3) 46(1)
Cl(3) 4259(4) 3242(4) 9080(4) 91(1)
Cl(4) 2278(5) 2680(5) 10353(5) 104(2)
P(l) 1446(3) 6585(2) 3089(2) 33(1)
N(l) 3667(8) 4963(6) 4029(7) 31(2)
0(1) 4386(8) 4148(6) 2580(7) 48(2)
C(l) 3717(19) 2325(17) 10043(19) 99(6)
C(2) 4200(10) 3941(8) 4691(10) 36(2)
C(3) 4849(12) 3478(9) 3735(11) 49(3)
C(4) 3738(10) 4956(8) 2887(11) 38(2)
0(5) 3139(10) 5718(7) 1765(10) 36(2)
C(6) 3545(12) 5626(10) 669(11) 51(3)
C(7) 2941(12) 6241(10) -437(12) 51(4)
C(8) 1957(12) 6972(11) -471(12) 52(3)
C(9) 1557(11) 7097(9) 600(10) 45(3)
C(10) 2137(10) 6466(9) 1766(10) 39(2)
C(ll) 983(10) 7972(8) 3032(10) 37(2)
0(12) 1952(12) 8687(8) 3010(12) 45(3)
0(13) 1649(14) 9738(11) 2977(13) 60(3)
0(14) 394(14) 10079(10) 2976(12) 57(3)
0(15) -611(14) 9347(10) 3007(13) 58(3)
0(16) -303(12) 8294(9) 3051(11) 46(3)
0(17) -153(10) 5807(7) 2562(10) 36(3)
0(18) -746(11) 5417(9) 1276(11) 47(3)
0(19) -1911(14) 4801(11) 959(14) 64(3)
C(20) -2498(13) 4531(10) 1903(13) 59(3)
0(21) -1889(13) 4929(10) 3150(14) 59(3)
C(22) -723(11) 5528(10) 3461(11) 49(3)
C(23) 3074(13) 3288(10) 4940(12) 54(3)
0(24) 1825(15) 3085(12) 3711(18) 77(4)
0(25) 3744(15) 2290(11) 5662(14) 65(4)
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Table 6.18. 
Bond 
lengths [A] and 
angles 
[°] for (156),
Table 6.19. Anisotropic displacement parameters (A2 x 103) for (156). 
The anisotropic displacement factor exponent takes the form:
-2 pi2 [ h2 a* 2 U ll + ... + 2 h ka* b* U12 ]
Atom U ll U22 U33 U23 U13 U12
Pd(l) 38(1) 29(1) 32(1) 0(1) 15(1) 1(1)
Cl(l) 55(2) 57(2) 37(1) -KD 10(1) 10(1)
Cl(2) 60(2) 42(2) 44(1) -3(1) 28(1) 6(1)
0 (3 ) 102(3) 93(3) 80(2) -5(2) 36(2) 2(3)
Cl(4) 85(3) 140(5) 82(3) -32(3) 25(2) -28(3)
P(l) 38(1) 30(1) 33(1) 0(1) 16(1) 2(1)
N(l) 34(4) 32(5) 29(4) 0(3) 15(3) 4(3)
0(1) 68(5) 37(4) 46(4) 0(3) 31(4) 9(4)
C(l) 104(13) 102(14) 107(14) 13(12) 59(11) 9(11)
C(2) 39(5) 32(6) 36(5) -1(5) 12(4) 0(5)
C(3) 57(6) 39(6) 56(7) 12(6) 26(6) 15(5)
0(4) 33(5) 33(6) 57(7) -4(5) 25(5) 4(4)
C(5) 39(5) 35(6) 39(5) -5(4) 19(4) -6(4)
C(6) 59(7) 58(7) 44(6) -4(6) 30(6) -2(6)
C(7) 63(6) 58(11) 42(6) 1(6) 31(5) -12(6)
0(8) 57(7) 57(8) 41(6) 4(6) 16(5) -5(6)
0(9) 52(6) 41(6) 42(6) 4(5) 17(5) -3(6)
0(10) 43(6) 37(5) 39(6) -4(5) 16(5) -3(5)
0(11) 42(6) 38(6) 32(5) -1(5) 13(4) 6(5)
0(12) 42(6) 27(6) 66(8) 1(5) 20(5) -1(5)
0(13) 65(8) 48(8) 63(8) -6(7) 19(6) -15(7)
0(14) 77(9) 34(6) 57(7) 1(5) 22(6) 13(6)
0(15) 67(8) 49(8) 66(8) 11(6) 33(7) 22(6)
0(16) 60(7) 33(6) 52(6) 0(5) 29(6) 4(5)
0(17) 36(5) 25(7) 42(5) 0(4) 10(4) 1(4)
0(18) 48(6) 46(7) 47(6) -4(6) 16(5) -11(6)
0(19) 72(8) 51(8) 63(8) -6(7) 16(7) -16(7)
C(20) 49(6) 48(7) 75(9) 3(7) 17(6) -10(6)
0(21) 68(8) 52(8) 66(8) 1(6) 34(7) -17(6)
C(22) 49(6) 56(7) 42(6) -3(6) 17(5) -17(6)
C(23) 76(8) 38(6) 65(8) 5(6) 45(7) 9(6)
0(24) 65(8) 50(8) 121(14) 4(9) 39(9) -2(7)
0(25) 91(10) 44(7) 71(8) 3(7) 39(8) 10(7)
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Table 6.20. Hydrogen coordinates ( x 104) and isotropic 
displacement parameters (A2 x 103) for (156).
Atom X y z U(eq)
H(1A) 3533(19) 1663(17) 9574(19) 119
H(1B) 4484(19) 2219(17) 10889(19) 119
H(2) 4953(10) 4077(8) 5552(10) 44
H(3A) 5866(12) 3475(9) 4142(11) 59
H(3B) 4525(12) 2769(9) 3493(11) 59
H(6) 4232(12) 5145(10) 685(11) 61
H(7) 3205(12) 6158(10) -1175(12) 62
H(8) 1559(12) 7385(11) -1227(12) 62
H(9) 893(11) 7602(9) 570(10) 54
H(12) 2823(12) 8468(8) 3016(12) 54
H(13) 2320(14) 10221(11) 2956(13) 72
H(14) 202(14) 10790(10) 2954(12) 68
H(15) -1482(14) 9568(10) 2997(13) 70
H(16) -957(12) 7804(9) 3094(11) 55
H(18) -357(11) 5572(9) 637(11) 57
H(19) -2326(14) 4554(11) 89(14) 77
H(20) -3277(13) 4095(10) 1685(13) 70
H(21) -2273(13) 4789(10) 3796(14) 71
H(22) -296(11) 5757(10) 4338(11) 59
H(23) 2748(13) 3685(10) 5552(12) 65
H(24A) 1066(43) 2836(91) 3958(19) 116
H(24B) 2054(41) 2568(71) 3176(64) 116
H(24C) 1548(78) 3719(25) 3208(62) 116
H(25A) 4504(65) 2464(11) 6475(48) 98
H(25B) 4096(88) 1886(36) 5098(38) 98
H(25C) 3054(30) 1890(36) 5870(85) 98
Crystallographic data (excluding structure factors) for the structures (66) and (156) have been 
deposited with the Cambridge Crystallographic Data Centre as supplementary publication no. 
(C24H24Cl2NOPPt: CCDC 121672), (C25H26Cl4NOPPd: CCDC 121673). Full data for structures (75) 
and (76) can be obtained as supplementary information from the American Chemical Society via the 
internet or on microfiche in some libraries ( Organometallics, 1999,15, 2867 )
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